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ABSTRACT 


An  experimental  model  of  an  electronic  reference  retrieval  file  in 
which  all  file  entries  are  interrogated  slmultaneoualy  has  been  designed 
and  constructed.  The  principal  pxirpose  of  this  work  is  to  demonstrate  the 
usefulness  of  a  rapid-feedback,  mannoachine  relationship  in  a  data  retrieval 
system. 

The  experimental  model  (designated  the  AN/GSQ^1  Document  Data  Indexing 
Set)  is  designed  to  store  the  indexes  to  ^,CXX)  documents.  Each  document  is 
given  an  accession  number  and  is  described  by  up  to  eight  English  words 
(descriptors)  selected  from  a  3,000  word  dictionary.  Ihe  delivered  model 
contains  a  1,000  word  dictionary  and  the  indexes  to  1,100  docwents.  A 
search  question,  consisting  of  one  to  eight  descriptors  in  their  natural 
English  form,  is  entered  by  means  of  an  electric  typewriter*  The  machine 
indicates  immediately  whether  or  not  any  file  item  satisfies  the  search 
question,  and  if  so,  how  many  file  items  respond.  The  machine  then  re¬ 
solves  multiple  responses  and  types  out  the  accession  mmtber  and  full  set 
of  descriptors  of  each  responding  docuaent. 

The  document  indexes  and  the  words  of  the  dictionary  are  stored  in 
wiring  patterns  associated  with  arrays  of  linear  ferrite  magnetic  cores. 
During  entry  of  the  search  question,  the  dictionary  magnetic  store  is  in¬ 
terrogated  by  the  alphabetic  code  of  each  search  word.  If  the  word  is  not 
contained  in  the  dictionary,  it  is  automatically  rejected*  After  all  words 
of  the  search  question  have  been  entered,  the  docxnent  magnetic  store  is 
interrogated  by  the  search  question  in  superimposed  code  form.  Response  to 
a  word  validity  test  or  to  the  file  search  is  obtained  in  less  than  six 
microseconds. 

This  equipment  can  handle  synonymous  input  descriptors  and  has  the 
capability  for  automatically  modifying  the  manually  inserted  search  ques¬ 
tion  according  to  certain  logical  iniles.  New  searches  based  on  the  modi¬ 
fied  search  question  (for  example,  substitution  of  a  see-«lso  reference 
for  one  of  the  original  descriptors)  are  initiated  automatically. 
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Introduction 


A.  Oates  of  Developaeat  Prograa 

All  work  related  to  the  design,  construction,  and  checkout  of  the  expert* 
mental  model  of  the  Multiple  Instantaneous  Response  File  described  in  this  report 
was  carried  out  during  the  period  from  23  Hay  1962  to  23  July  1963. 

B.  Background 

During  the  period  from  1  January  1960  to  31  July  1961  a  study*  was  made 
of  the  feasibility  of  constructing  a  data  retrieval  file  of  very  large  capacity 
Ir  which  all  the  data  are  interrogated  simultaneously.  One  characteristic  of  the 
file  was  that  it  should  be  very  large,  containing  the  order  of  a  million  items  of 
information.  An  item  of  information  should  •  onsist  of  a  single  record,  including 
an  Identification  number,  an  abstract  and  appropriate  logical  specifications. 
Another  Important  characteristic  was  that  during  a  search,  the  entire  file  should 
be  tested  instantaneously  (this  requirement  precluded  the  use  of  a  serial  search) > 
The  response  time  for  all  items  responding  to  the  search  question  should  approach 
zero.  The  response  should  consist  of  the  item  identification  number  and  index 
data  in  the  form  of  an  abstract. 

During  the  study,  general  concepts  for  solving  the  search  problem  were 
developed.  Codes  and  searching  techniques  suitable  for  such  a  file  were  examined 
and  a  simple  and  efficient  testing  algorithm  for  distinguishing  between  simulta¬ 
neously  responding  items  (multiple  responses)  was  originated.  Also  several 
physical  realizations  suitable  for  such  an  index  file  were  investigated.  It  was 
concluded  from  the  study  that  the  development  of  a  data  retrieval  file  having  the 
stated  specifications  was  feasible  and  that  a  magnetic  implementation  of  the  file 
with  permanent  storage  of  file  information  was  attractive. 


*Tbis  study  wss  sponsored  by  Rene  Air  DsvelopMnt  Center  under  Contmet 
AF30 (602) -2142.  Refer  to  report  RADC-TR-6l-233>  "Multiple  Instantaneous 
Response  FlU/  by  J.  Goldberg  et  al,  August  I96I.  ASTIA  Report  #  AD  266  I69. 


I 


Durlns  tho  tLn&l  qt»rtor  of  the  study  contract  the  preliminary  design  of 
an  experimental  model  to  demonstrate  the  essential  features  '~'f  a  Multiple  InBlan> 
taneous  Response  File  was  worked  out.  It  was  concluded  that  a  model  containing 
the  order  of  20,000  file  items  would  be  large  enough  to  provide  significant  results 
and  could  be  developed  tor  a  reasonable  cost.  These  conclusions  formed  the  basis 
for  the  specifications  of  the  experimental  model  developed  \mder  the  present 
contract . 

C.  Original  Specifications  of  the  Experimental  Model 

The  experimental  model  described  in  the  original  proposal  for  research 
and  the  resulting  contract  has  the  following  specifications: 

(1)  The  size  of  the  MIRF  file  shall  be  1,000  items  with  design 
provisions  for  expansion  to  5,000  items. 

(2)  Each  item  in  the  MIRF  file  shall  be  Indexed  by  not  more  than  8 
descriptors.  A  descriptor  is  an  English  word  having  10  or  fewer  letters. 

(3)  Encoding  of  the  items  shall  be  accomplished  by  utilizing  superim¬ 
posed  coding. 

(4)  The  design  of  the  superimposed  code  shall  be  adequate  to  represent 
a  maximum  of  3*, 000  descriptors. 

(5)  At  least  two  descriptors  shall  be  used  in  an  interrogation. 

(6)  A  dictionary  file  capable  of  holding  3,000  descriptors  shall  be 
provided  as  a  part  of  the  experimental  model.  Entries  in  the  dictionary  shall 
be  one  of  the  following  types: 

(a)  Primary  descriptor.  A  primary  descriptor  is  one  that 
can  be  used  in  indexing  an  item  in  the  file.  It  can  be  used 
in  composing  the  search  quiz  and  can  appear  in  the  printed 
output  of  items  that  respond  to  a  search. 

(b)  Synonym.  A  synonym  is  a  descriptor  whose  meaning  is 
synonymous  with  one  of  the  primary  descriptors.  It  can  be 
used  in  cong>osing  the  search  quiz,  but  is  not  used  to 
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describe  an  Itea  stored  in  the  file  and  cannot  appear 
in  the  printed  output. 

(c)  Variations  on  priiaary  descriptor. 

(i)  A  special  character,  such  as  an  asterisk,  auty 
be  associated  with  a  priaary  descriptor. 

(ii)  A  "see-also"  reference  to  another  priaary 
descriptor  may  be  associated  with  a  priaary  descriptor. 

(iii)  Both  a  special  character  and  a  "see>also"  refer¬ 
ence  may  be  associated  with  a  priaary  descriptor. 

(7)  llie  dictionary  store  shall  use  the  same  techniques  as  the  MIRF  file 
and  shall  include  circuits  for: 

(a)  Translating  search  criteria  in  English  into  the 
code  form  required  for  the  internal  search  of  the  file. 

(b)  Translating  the  descriptor  serial  number  arrived  at 
during  a  search  of  the  file  into  its  English  counterpart. 

(c)  Recognizing  asterisk  or  "see-also"  reference  symbols 
associated  with  descriptors. 

(d)  Matching  corresponding  priaary  descriptors  and 
synonyms  and  corresponding  descriptors  and  "see-also" 
references. 

(8)  In  response  to  an  interrogation,  the  machine  shall  provide  the 
following  information: 

(a)  A  YES  or  NO  answer  as  to  whether  any  stored  itws 
matches  the  interrogation  criteria. 

(b)  An  approximate  numerical  count  of  the  number  of 
YES  responses. 

(c)  The  descriptors  of  all  items  associated  with  the  YES 
responses.  The  descriptors  of  several  simultaneously 
responding  items  say  appear  in  time  sequence. 
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(d)  The  accession  nunbers  of  all  the  Itens 
associated  with  the  YES  responses. 

NOTE:  The  YES/NO  response  and  the  nuaber  of  Yes 

responses  shall  be  displayed  visually.  The 
accession  number  and  the  list  of  descriptors  of 
the  first,  and  each  subsequent  YES  response  shall 
be  printed  out  on  the  same  typewriter  that  is 
used  for  quiz  entry.  The  format  of  the  printed 
output  information  shall  be  detexmined  Jointly  by 
lUDC  and  SRI. 

(9)  In  addition  to  the  capability  of  resolving  multiple  responses  to  a 
search  quiz,  the  model  shall  be  capable  of  d«Bonstrating  the  following  logical 
operations: 

(a)  Handling  of  synonyms.  When  a  synonym  is  used  in  composing 
the  search  quiz,  the  machine  shall  automatically  substitute 
the  appropriate  primars’  descriptor  for  the  synonym  and  carry 
out  the  search  on  the  primary  descriptor. 

(b)  Modification  of  search  quiz  by  "see-also"  reference.  When 
a  descriptor  having  an  associated  "see-also"  reference  is  used 
in  composing  the  search  quiz,  the  machine  shall  automatically 
initiate  a  new  search  (after  the  one  on  the  original  search  quiz 
has  been  completed)  in  which  one  of  the  original  descriptors  has 
bewa  replaced  by  its  "see-also"  reference.  For  purposes  of 
dMwnstratlOT,  it  shall  be  considered  adequate  to  perform  mtly 
one  addititmal  search  and  to  choose  arbitrarily  the  first  input 
descriptor  having  a  "see-also"  reference  as  tne  one  to  be  re¬ 
placed  in  forming  the  new  search  quiz.  To  aid  in  separating  the 
printout  of  the  first  search  from  the  printout  of  the  automatically 
initiated  search,  the  "see-also"  reference  descriptor  shall  be 
printed  as  a  heading  for  the  second  printout. 
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(c)  Generation  of  new  search  quiz.  The  machine  shall 
generate  a  new  search  quiz  in  which  new  search  descriptors 
are  selected  from  the  descriptors  of  items  that  resp<»)d  to 
the  original  search.  For  purposes  of  demonstration,  it 
shall  be  considered  adequate  to  generate  a  new  search  cycle 
by  selecting  descriptors  with  asterisks  from  items  that 
match  the  original  search  quiz.  In  particular,  the  "asterisk" 
search  quiz  shall  be  formed  by  retaining  the  first  descriptor 
that  is  typed  into  the  MIRF  during  composition  of  the 
original  quiz  and  combining  with  it  one  asterisked  descriptor 
(different  from  all  the  original  descriptors)  from  an  item 
that  responds  to  the  original  quiz.  An  asterisk  search  cycle 
shall  consist  of  no  more  than  two  automatically  initiated 
searches  (for  example,  a  search  based  on  a  quiz  formed  by 
combining  the  retained  descriptor  with  an  asterisked  descriptor 
from  the  first  responding  item,  and  one  based  on  the  combination 
of  the  retained  dmaerlptor  with  an  asterisked  descriptor  from  the 
second  responding  item).  To  aid  in  separating  print  outs  of 
successive  searches,  the  two  descriptors  used  in  an  asterisk 
search  shall  be  printed  as  a  heading  for  the  asterisk  search  printout 
D.  Changes  in  Specifications 

During  the  first  quarter  several  changes  in  the  original  specifications 

wero  made. 

(1)  Use  of  asterisk  on  descriptors.  During  the  selection  (at  liADC)  of 

documents  for  the  MIRF  file,  it  was  found  desirable  to  attach  the  asterisk  symbol 

to  a  descriptive  word  based  on  its  use  in  a  particular  document,  rather  than  to 

e 

make  a  fixed  assignment  of  an  asterisk  to  a  word.  It  was  agreed  to  make  this 
change  in  the  use  of  the  asterisk. 

^Letter  to  Mr.  Ronald  Ferris  from  Mr.  E.  L.  Younker,  dated  13  August  1962. 
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Ci)  Wira«»  descriptors »  In  selactlng  docusents  (at  RAOC)  for  tha  MIRF 


flla.  It  was  found  vary  daairabla  to  allow  tha  use  of  phrases  of  two  or  sore 
words  in  describing  a  docuamt.  Howavar,  in  order  to  prevent  additional  costs, 
it  was  required  that  no  significant  change  be  aada  in  the  aodel  to  accoaaodate 
phrases.  To  aeat  these  conflicting  deaands,  it  was  agreed  that  phrases  would 
be  used  in  a  liaited  way. 

(a)  Characteristics  of  Descriptors 

(i)  Definition  of  Descriptor.  The  descriptors  used 
in  the  MIRF  a»del  shall  be  couposed  of  English  words 
containing  ten  or  fewer  alphabetic  characters.  The 
use  of  two  or  aore  words  to  fora  a  conceptual  entity 
(deacriptor)  shall  be  peraitted.  Thua,  a  deacriptor 
aay  be  either  a  single  word  or  a  "phrase"  of  several 
words. 

(ii)  Restrictions  on  Descriptors.  Only  single  word 
descriptors  shall  be  in  the  special  operations:  synonya 
substitution  and  the  autoaatically  initiated  searches. 
Mrase  descriptors  aust  not  be  associated  in  aay  way 
with  a  synonya,  see  also,  or  asterisk  expression. 

(b)  Operation  of  Bxperiaental  Model  with  Respect  to  Descriptors 
(i)  Descriptor  Input.  The  aodel  shall  have  the 
capability  of  accepting  either  a  single  word  or 

Idirase  descriptor.  The  huaan  operator  will  be  required 
to  type  a  coaaa  after  each  input  descriptor  in  the 
search  question  escept  the  last  descriptor.  In  this  case 
he  will  he  peraitted  to  type  a  period,  neaever  a  phrase 
descriptor  is  typed  in,  the  operator  will  eater  a  space 
between  the  words  of  the  phrase. 

to  Mr.  MoanU  Pdrrls  froi  Mr.  t.  L»  Younter,  dated  13  1968* 
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(II)  Prlnt-out  of  Descriptor:. .  The  aodel  shall  have 
the  capability  of  distinguishing  between  single  word  and 
phrase  descriptors  for  purposes  of  prlnt>out.  The  descri¬ 
ptors  of  a  responding  docuaent  shall  be  separated  by  coMsas 
in  the  prlnt-out  format,  and  the  words  of  a  phrase  shall 

be  separated  by  spaces. 

(III)  Searching  an  Input  Question.  The  search  that  results 
from  an  Input  question  shall  be  based  on  the  words  (not 
descriptors)  used  In  the  search  question.  So  far  as  search¬ 
ing  Is  ccmcemedi  the  model  will  not  be  capable  of  distin¬ 
guishing  between  single  word  and  phrase  descriptors.  Because 
of  this  a  simple  change  In  the  specification  of  the  asterisk 
search  Is  necessary.  Instead  of  retaining  the  first 
descriptor  (as  defined  above),  the  first  word  should  be  re¬ 
tained.  Instead  of  comparing  the  asterisked  descriptor 

from  the  responding  document  with  the  input  descriptors, 
compare  it  with  the  input  words. 

(c)  Effect  on  Capacity  of  Dictionary.  Because  the  definition 
of  a  descriptor  has  been  changed  to  include  phrases,  the  capacity 
of  the  dictionary  file  will  be  lees  than  3,000  descriptors.  How¬ 
ever,  the  capacity  of  the  dictionary  in  terms  of  words  will  not 
change.  The  dictionary  will  still  have  tiM  capacity  for  3,000 
words,  and  these  words  may  be  used  to  form  descriptors  as  desired. 
B.  Kote  on  the  Material  Presented  in  this  Beport. 

In  the  body  of  this  report  emphasis  is  placed  on  a  description  of  the 
mverinantal  model  of  the  Multiple  Inetantaneous  Menponse  Pile.  Information  on 
related  work  perforswd  under  this  contract,  such  as  processing  the  raw  data  for 
1100  documents  that  were  supplied  by  BAOC,  ts  ccmtained  in  a  set  of  appendlaee. 
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2.  Suanary 


The  developaent  of  an  experlaental  nodel  of  a  Multiple  Instantaneoua 
Reapcxise  Pile  has  been  coapleted  successfully.  The  experlaental  equipment  con¬ 
tains  more  than  1,000  document  indexes  in  its  document  file.  The  descriptors 
used  in  the  document  indexes  are  rhosen  from  a  dictionary  of  1,000  words  that  is 
also  part  of  the  equipment.  The  logical,  circuit,  and  mechanical  designs  of  the 
model  provide  for  a  simple  expansion  to  5,000  document  Indexes  and  to  a  3,000  word 
dictionary.  Experience  with  the  equipment  during  the  checkout  phase  indicates 
that  expansimi  to  the  design  figures  could  be  accomplished  with  little  difficulty. 

The  specifications  on  a  manually  initiated  seax^h  (listed  in  detail  above) 
are  satisfied  by  the  experimental  equipm«it.  Excellent  communication  between  a 
human  operator  and  the  machine  has  been  experienced.  The  operator  is  required 
only  to  eater  a  search  question  as  a  group  of  English  words  by  typing  them  on  a 
convMtlonal  typewriter  and  to  observe  the  results  of  the  search  typed  out  in 
simple  format  on  the  same  typewriter.  Translation  of  the  English  words  into 
machine  coding  during  the  input  phase  and  from  coded  machine  responses  into 
English  words  during  the  output  phase  are  performed  automatically.  The  require¬ 
ments  for  modification  of  the  manually  Inserted  search  question  and  the  automatic 
initiation  of  new  searches  have  also  been  satisfied.  Experience  with  the  machine 
shoM  that  the  see-alao  substitution  is  an  important  feature.  Usually  the  addit¬ 
ional  see-also  special  search  obtains  pertinent  additional  responses  relative  to 
the  original  search  and  in  some  cases  pertinent  responses  are  obtained  from  the 
see-also  search  when  there  are  no  responses  to  the  original  search. 

The  experimental  Multiple  Instantaneous  Essponse  File  is  an  all-solid  state 
equipment.  Transistor  drive  circuits  capable  of  suiq>lyiog  two  ai^n  j  of  current 
to  magnet.  circuits,  special  discriminating  amplifiers  capable  of  operating 
reliably  with  a  poor  signal -to-noise  ratio  input  sifpial,  and  transistor  logic 
circuits  tailored  to  the  requirements  of  the  system  (high  reliability,  low  cost, 
and  moderate  speed)  were  designed  and  constructet).  About  300  current  drive 
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transistors,  2500  logic  transistors,  2500  printed  gate  circuits  (a  group  of  6 
resistors,  2  capacitors  and  their  Interconnecting  wiring  on  a  passive  substrate) 
and  5000  diodes  are  used  In  the  systea. 

The  docunents  that  are  stored  In  the  experlaental  aodel  were  selected  by  the 
sponsor  froa  ASTIA  Technical  Abstract  Bulletins  (TABs) .  The  Inforaatlon  concerning 
the  selected  docunents  was  supplied  by  the  sponsor  In  the  form  of  a  narked  TAB 
abstract.  Considerable  effort  was  expended  In  reducing  the  raw  data  to  a  fora 
that  could  be  stored  In  the  aenory  of  the  equliment.  First,  the  relevant  data 
froa  the  TAB  abstracts  were  reproduced  In  punched  card  fora.  Then  coaputer 
prograas  were  written  for  taking  this  raw  data  and  preparing  the  data  for  each 
docuaent  to  be  stored  In  the  nachlne  (coded  Infonutlon  for  the  accession  ntaber, 
the  descriptors,  and  the  search  logic).  The  coaputlng  was  carried  out  on  the 
Control  Data  Corporation  model  160-A.  The  resulting  set  of  punched  cards  was 
used  In  special  wiring  arrangenent  that  prepared  the  Inforaatlon  that  was  stored 
In  the  nachlne.  One  punched  card  containing  all  the  detailed  inforaatlon  for  one 
docuaent  was  Inserted  Into  a  punched  card  reader  whose  outputs  were  connected 
to  a  wiring  Jig.  For  each  document  a  unique  set  of  lights  In  the  wiring  Jig 
was  turned  on  and  a  wiring  path  was  established.  Be  means  of  the  coaputer 
handling  of  the  raw  data  and  the  special  attention  given  to  the  wiring  arrange¬ 
ment,  the  errors  in  wiring  the  document  inf ornat ion  were  reduced  to  the  order  of 
1  error  In  aore  than  7,000  operations. 


3.  The  Exp^riaental  Model 
A.  General  Description 

(1)  Functions  of  the  Docunent  Data  Indexing  Set 

The  AN/GSQ-GI  Document  Data  Indexing  Set  is  basically  a  file  of 
document  indexes  and  a  means  of  retrieving  particular  document  indexes  of  interest. 
This  model  contains  the  indexes  of  approximately  1000  documents  that  have  been 
selected  from  the  ASTIA  Technical  Abstract  Bulletin.  Each  docuaient  is  indexed  by 
an  accession  number  and  a  group  of  key  words  that  describe  the  contents  of  the 
document.  The  vocabulary  required  to  describe  the  1000  stored  documents  contains 
about  1000  words.  For  the  purpose  of  translating  between  the  English  fomof  these 
words  and  the  coded  form  used  inside  the  machine,  a  dictionary  of  1000  words  is 
contained  in  the  equipment.  The  basic  design  of  the  data  indexing  set  provides  for 
expansion  of  SOOO  document  indexes  and  a  3000  word  vocabulary. 

The  basic  function  of  the  document  data  indexing  set  is  to  permit  the 
retrieval  of  document  indexes  that  are  related  to  particular  subjects  of  interest. 

It  allows  an  operator  to  ask  a  question  about  what  is  contained  in  the  file  in 
the  form  of  a  group  of  English  words  by  typing  these  words  on  an  ordinary  type> 
writer.  The  machine  compares  the  word  used  in  the  search  question  with  the  words 
that  are  used  to  describe  the  documents  that  are  contained  in  the  file.  The 
comparison  between  the  search  words  und  the  documents  is  made  for  all  documents 
simultaneously.  The  machine  instantaneously  determines  if  any  documents  in  the 
file  include  the  search  question.  It  there  are  none,  the  machine  indicates  visually 
that  there  is  no  response.  If  there  is  at  least  one.  the  machine  counts  the 
number  of  responding  documents  and  indicates  visually  this  number.  Then  it  types 
out  the  indexes  of  all  responding  documents  on  the  sasK?  typewriter  that  was  used 
to  ask  the  question.  There  is  essentially  no  delay  between  the  signal  that 
starts  the  search  and  the  beginning  of  typing  out  the  responding  documents. 

Because  the  results  are  laMdlmtely  available,  and  because  they  have  enough 
useful  Information  to  give  a  good  idea  of  what  each  document  Is  about,  this 


10 


dociaent  data  indexing  set  makes  it  feasible  to  start  the  document  search  with  a 
general  question  and  to  use  the  information  received  to  define  a  more  specific 
question.  In  this  way  it  is  possible  to  "home  in"  quickly  on  the  documents  of 
special  interest. 

This  equipment  has  the  capability  for  automatically  modifying  the  search 
question  inserted  by  the  human  operator  and  initiating  a  new  search.  In  one  typ'; 
of  machine  initiated  search,  the  original  search  question  is  oMMlified  by  information 
associated  with  the  input  question.  If  any  of  the  input  words  have  attached  to 
them  a  "see  also"  reference,  that  "see  also"  reference  will  be  substituted  for 
the  original  worn  to  form  the  new  search  question.  A  second  kind  of  machine 
initiated  search  uses  information  obtained  from  responding  documents  to  modify 
the  original  search  question.  In  this  case,  words  appearing  in  responding  docu¬ 
ments  that  are  marked  by  an  asterisk  are  stored  in  the  machine  memory  and  later 
are  used  to  replace  a  word  in  the  original  search  question. 

(2)  Logical  Organization  of  the  Document  Data  Indexing  Set 

The  logical  organization  of  the  Document  Data  Indexing  Set  is 
illustrated  by  Fig.  1.  Information  pertaining  to  the  document  indexes  and  to  the 
key  words  used  in  the  document  indexes  is  contained  in  major  units  called  MIltF. 

A  MZRF  is  basically  a  magnetic  memory  in  which  information  is  permanently  stored 
in  the  wiring  associated  with  the  magnetic  cores.  The  Document  MXRF  is  the  prin¬ 
cipal  element  of  the  system.  It  contains  for  each  stored  document  index  the 
document  secession  nusdier  and  the  key  words  (in  coded  form)  that  describe  that 
document  as  well  as  a  search  code  field  that  is  used  in  the  searching  process. 

The  Dictionary  MlflP  translates  during  the  input  phase  of  operstiom  from  the 
alphebetic  code  of  the  English  word  descriptor  that  ia  entered  from  the  typewriter 
to  the  binary  serial  number  aseigned  to  that  Englieh  word  for  use  inside  the 
maebiae.  Ibiriag  the  output  phase  of  operation,  the  Dictionary  KIltF  traaslstss 
from  the  binary  serial  number  of  a  word  that  is  obtained  during  a  search  to  tbn 
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Figure  1.  Siopllfied  Block  Diagram  of  MIRF  Experlnestal  Model 


alphabetically  coded  form  of  that  word. 

After  the  binary  serial  nuaber  of  an  input  English  word  haa  been  generated, 
this  binary  number  is  translated  by  a  logical  process  in  the  Search  Code  Generator 
into  a  search  code  that  is  assigned  to  the  particular  English  word.  The  search 
codes  of  successive  words  of  a  search  question  are  superimposed  by  adding  them 
together  logically.  When  the  search  question  is  coaq>lete,  the  superiaposed  search 
code  of  the  question  is  compared  with  the  superimposed  code  sctction  of  the  Document 
MIRF.  Each  document  Index  whose  search  field  includes  the  superimposed  code  of 
the  search  question  is  said  to  respond  to  the  question.  By  a  process  that  is 
described  later, the  accession  number  of  a  particular  responding  document  is 
generated.  Then  the  binary  serial  numbers  of  the  English  words  contained  in  the 
document  index  are  generated  one  at  a  time.  By  means  of  tho  Descriptor  Selector 
each  serial  number  is  transmitted  to  the  dictionary  MIRF,  where  it  is  translated 
to  the  alphabetic  code  of  the  English  word. 

(3)  Equipment 

The  AN/GSQ-8I  Document  Data  Indexing  Set  is  a  solid  state  machine. 
Storage  of  document  index  information  is  provided  by  arrays  of  linear  ferrite 
cores  in  the  MIRF  units.  Drive  currents  to  the  magnetic  cores  are  furnished  by 
transistor  switches  and  the  output  voltages  from  the  core  arrays  are  amplified 
by  transistor  amplifiers.  All  logical  processes  and  control  of  operations  in  the 
MIRF  xmits  are  performed  by  transistor  logic  circuits.  Solid  state  power  supplies 
are  also  used. 

A  front  view  of  the  document  data  indexing  set  is  shown  in  Fig.  2 
The  main  equipment  cabinet,  the  input -output  typewriter,  the  a\ixilllary  typewriter 
cabinet  and  the  display  and  control  unit  can  be  seen  in  this  photograph.  Figure  3 
shows  a  closeup  view  of  the  control  area.  The  input-output  equipment,  the  INVAC 
Model  TMP200,  consists  of  the  typewriter  and  the  equipment  cabinet  seen  at  the 
left  of  the  table.  An  IBM  Selectric  Typewriter  is  used  in  this  equipment. 
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Figure  3*  Close-up  of  Control  Area 


Figure  5»  Close-up  of  Control  Area 


Behind  and  above  the  typewriter  can  be  seen  the  operator's  display  and  control 

panel.  Fanfold  paper  that  Is  to  be  fed  Into  the  typewriter  Is  stored  in  the 

bottom  of  the  cabinet  on  which  the  display  and  control  panel  Is  mounted. 

Figurii  4  shows  a  rear  view  of  the  equipment  cabinet  with  the  doors 

removed.  The  rlghthand  portion  of  the  cabinet  contains  logic  circuits  for  control 

of  the  system,  arranged  In  modules  of  plug-ln  transistor  logic  boards.  The 

dictionary  MIRF  unit  Is  contained  In  the  center  portion  of  the  cabinet.  Directly 

beneath  the  UIRF  unit  are  two  modules  of  drive  circuits  which  provide  current  to 

the  MIRF.  In  the  left  portion  of  the  cabinet  are  the  document  MIRF  and  the 

transistor  circuits  for  providing  drive  currents  to  It.  It  will  be  observed 

that  space  has  been  allowed  for  one  additional  MIRF  unit  In  the  center  section 

and  for  two  additional  MIRF  units  In  the  lefthand  section.  This  Is  to  provide 

* 

for  the  expansion  of  the  dictionary  to  3,000  words  and  expansion  of  the  document 
index  MIRF  to  S,000  document  Indexes. 

A  closer  view  of  the  logic  and  control  section  Is  shown  In  Fig.  5. 
Here  the  Inside  door  on  which  the  transistor  circuits  are  mounted  has  been  opened 
to  show  the  wired  side  of  the  transistor  modules.  All  connections  to  the  connector 
pins  have  been  made  by  the  wire  wrap  method.  Additional  modules  of  transistor 
circuits  used  in  the  overfall  control  can  be  seen  Inside  the  cabinet;  these  are 
mounted  on  an  auxllllary  door  that  opens  from  the  front  of  the  equipment  cabinet. 

A  front  view  of  the  cabinets  that  house  the  MIRF  units  and  their 
drivers  is  shown  In  Fig.  6.  Here  the  document  MIRF  unit  has  been  pulled  out  to 
show  It  in  its  extended  position.  Below  the  MIRF  units  the  wiring  side  of  the 
transistor  drive  modules  can  be  seen. 

B.  System  Design 

(1)  Magnetic  Implementation  of  the  MIRF  Unit 

The  MIRF  units  of  the  document  data  Indexing  set  are  built  according 

U 


Figure  6.  Proot  View  of  NIRP  Seetloo 
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to  an  l<toa  tlutt  was  ganaratad  during  tlia  aarllar  atudy  contract*.  Ilila  achana 
callad  tha  dloda^Unood  ring  raalisation  for  MllF,  has  tha  i^ropartiaa  of  an 
aaaoclatira  naaory.  Xafomation  la  atorad  la  unlqua  wiring  pattania  aaaociatad 
with  an  array  of  llnaar  farrlta  coraa  aa  llluatratad  by  Fig.  7.  Sach  Itev  of 
atorad  lafonaatlon  (a  doctaant  ladas  la  tha  doewaant  MZIF  or  a  daacrlptor  In  tha 
dictionary  Mlir)  la  rapraaantad  by  a  condnetor  that  paasaa  through  or  around  aach 
aaaociatad  cora  la  a  unlgua  pattan  datamlaad  by  tha  lafomatlon  It  containa.  in 
aarlaa  with  aach  conductor  la  a  dloda.  Tha  cathodaa  of  many  dlodaa  ara  connactad 
togathar  to  fom  tha  Input  to  a  datactor  anpllflar.  lotlca  that  ana  cora  la 
ragulrad  for  aach  bit  of  lafomatlon  but  that  aach  cora  can  be  aaaociatad  with  a 
particular  bit  of  aaay  Itan  oondnctora. 

laeh  cora  haa  aa  Input  winding  that  can  ba  aalactad  by  naana  of  a 
awltoh*  All  eoraa  whoaa  aalaetor  awlteh  la  cloaad  will  ba  anarglsad  whan  a 
drlwa  pulna  la  appllad*  A  woltaga  will  ha  Induoad  la  aach  Itan  conductor  that 
thraada  an  anarglaad  cora,  hut  ao  woltaga  will  ba  inducad  la  ecnduotora  that  do 
not  thraad  tha  eora.  A  taat  can  ba  nada  on  tha  lafomatlon  atorad  la  aaay  coraa 
by  aalaetlag  a  particular  act  of  coraa  and  anarglalag  than.  Xa  ordar  for  an  itan 
to  natch  tha  toot  lafomatlca,  Ita  ooadaotor  anat  paaa  ontalda  of  awary  anarglaad 
cora.  Than  ao  woltaga  will  ba  ganaratad  la  tha  itan  wlm  and  tha  input  to  tha 
datactor  aapllflor  will  ba  hold  near  ground  through  tha  itan  dloda.  Yoltagm 
mil  ba  IndnBiil  la  the  oondnotora  of  Itaaa  that  do  act  natch  tha  tact;  tha  polarity 
«f  thano  weitagaa  la  cboaan  to  bnoh-blaa  tho  aaaociatad  dlodaa*  tf  ao  itan  natchaa 
tha  toot  Infoanatlcn,  a  woltidia  mil  ha  indnoad  la  owory  itan  oenductor  and  awary 
dloda  mil  ho  hooh-hiaaod.  Tha  lapnt  to  tha  datactor  mil  than  aaauna  a 
rtgilftaantly  nagaUwo  woltaga.  Ihna  tho  priaanna  or  abaanca  of  dcalrad  atorad 
infagnatlan  aon  ha  datiwinid  by  applylag  tha  dmwo  onrranta  to  a  particular  act 
at  oaroa.  fhln  la  a  ftaaotlan  at  an  aoaoaiatlwa  or  aantant  addraoaid  amory  to 

^iaa  flnnl  report,  MBO-th-tl-m,  panparad  mdor  Contract  AF  SO(toa)-tl4l. 
Ihatlpla  laatantanaana  loopanoa  filo***  by  d*  Qaldhorg  and  othara,  dated 
Ang.  Ittl,  pp.  Iff-lti 


indicftte  the  presence  or  absence  of  certain  Inforeaticm  based  on  the  detailed 
contents  of  a  search  question  without  regard  to  the  actual  location  (or  address) 
of  that  Inf onset ion. 

Mow  consider  in  nore  detail  how  a  bit  of  Infomatltm  of  a  search 

question  is  conpared  with  infonsation  in  a  mRF  unit.  Figure  8  Illustrates  how 

a  test  to  detersdne  whether  or  not  the  test  bit  is  Included  in  the  stored  Infoma 

tion  is  Bade.  This  circuit  is  typical  of  those  used  in  the  superinposed  section 

of  the  docuBsnt  MIRF.  One  core  is  used  to  store  the  bit  of  nany  items, 
th 

The  k  bit  of  the  search  question  is  stored  in  a  flip-flop  whose  (8VE  side  is 

connected  by  way  of  an  AND  gate  to  a  drive  amplifier  which  in  turn  is  connected 

th  th 

to  the  primary  winding  of  the  k  core.  The  conductor  of  an  Item  whose  k  bit 

_  th 

is  equal  to  OMS  (cmiductor  #1)  passes  outside  the  k  core.  On  the  other  hand, 

the  conductor  of  an  item  whose  k^^  bit  is  equal  to  ZERO  (conductor  #2)  threads 

the  core.  If  the  flip-flop  stores  a  ONE,  the  primary  winding  of  the  core  will 

be  energised  when  the  timing  pulse  is  applied  to  the  AliD  gate.  A  voltage  will 

be  induced  in  conductor  #2  (indicating  a  mismatch)  but  none  will  be  induced  in 

CQBdtt*^tor  #1  (Indicating  a  match).  If  the  flip-flop  storea  a  ZERO,  the  primary 

winding  will  not  be  energised  because  the  timing  pulse  will  be  blocked  at  the 

AKO  gate.  So  no  voltage  will  be  induced  in  either  comluctor  and  a  match  will  be 

Indtcated  on  both  lines.  Therefore  it  can  be  seen  that  a  stored  ORE  bit  imcludea 

both  a  test  OSB  and  a  test  ZSIO»  while  a  stored  SEX)  bit  includes  only  a  test 

EtX>. 

The  circuit  for  testing  for  identity  between  the  test  bit  and  the 
liRtfenmtioB  stored  in  the  KIEF  is  shown  in  Fig.  9.  Ihis  circuilt  is  typical  of 
those  used  in  the  alphabet!  descriptor  portion  of  the  dictionary  KIEF.  The 
bit  of  many  itene  ia  stored  in  a  pair  of  corea  and  The  bit  of 
the  toot  gneetiott  ie  stored  ia  a  flip-flop.  In  tbit  case  both  tba  CHE  and  EEIO 
aidno  of  the  flip-flop  are  connected  to  AID  gntee  whoee  outputs  ecmtrol  drive 
amplifiers  thet  are  comaseted  to  the  primary  windings  of  corse  and  The 

tl 
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Figure  8.  Circuit  for  Teetiog  Inclutioa 
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CONDUCTOR  I 

(ITEM  whose  Jth  BIT -ONE) 


Figure  9*  Circuit  for  Testiog  Identity 
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th 

conductor  of  an  Item  vbose  J  bit  la  ORE  (cczMiuctor  #1)  bypaaaea  core  mbile 

th 

the  conductor  of  an  item  tdioae  J  bit  is  a  ZERO  threads  core  The  threadlnf 

of  core  J  by  the  two  conductors  is  the  reverse  of  the  wiring  of  core  J  .  If 
j9  a 

the  flip-flop  stores  a  ONE,  the  primary  winding  of  core  will  be  energised 
when  the  timing  pulse  occurs.  No  voltage  will  be  induced  in  ccmductor  #1  (a 
match  indication)  but  a  voltage  will  be  induced  in  conductor  #2  (a  mismatch 
Indication) .  If  the  flip-flop  stores  a  ZERO,  the  primary  winding  of  core  J  will 

O 

be  energized.  In  this  case,  a  voltage  will  be  induced  in  conductor  #1  but  not  in 
conductor  #2.  Thus  it  can  be  seen  that  the  bit  stored  in  the  MIRF  must  match 
the  test  bit  identically  for  a  match  Indication  to  be  obtained. 

(2)  Relation  of  MIRF's  and  the  Associative  Registers 

The  major  parts  of  the  system  are  shown  in  the  logical  block 
diagram  of  Fig.  10.  Hie  MIKF  units  are  central  to  the  system.  Associated  with 
each  MIRF  unit  is  a  set  of  drive  ai^llfiers  and  a  match  detector.  Information 
to  be  gated  into  a  MIRF  unit  by  way  of  the  drive  amplifiers  is  held  in  flip-flop 
registers.  An  interrogation  of  a  MIRF  unit  consists  of  applying  a  particular 
pattern  of  drive  voltages  to  the  primaries  of  the  cores  of  tne  MIRF  and  observing 
the  output  of  the  match  detector.  One  output  voltage  level  indicates  a  match 
between  the  interrogation  and  the  information  contained  in  the  MIRF,  and  the  other 
output  voltage  level  indicates  some  'iegree  of  mismatch  between  the  two.  The 
output  of  the  match  detector  is  typically  used  to  modify  the  contents  of  a 
flip-flop  register. 

Consider  now  the  relationship  between  the  document  MIRF  and  the 
associated  flip-flop  registers.  The  document  accession  number  is  held  in  a 
17  bit  flip-flop  register.  Both  outputs  (ONE  and  ZERO)  of  each  flip-flop  are 
connected  to  drive  agq>lifiers  which  in  turn  are  connected  to  primary  windings  of 
cores  in  the  document  MIRF.  So  34  drive  aigtlifiers  and  34  cores  are  used  in  the 
accession  number  portion.  The  search  code  of  an  input  question  Is  held  in  an 
80  bit  flip-flop  register.  The  ONE  side  of  each  flip-flop  is  connected  to  a 
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drive  amplifier  which  supplies  current  to  thi-  primary  winding  of  a  core  In  the 
MIRF.  Hence,  80  amplifiers  and  80  cores  are  used  in  the  search  code  portion. 

The  binary  serial  numbers  of  words  associated  with  a  document  are  held  in  a  120 
core  portion  of  the  document  MIRF.  The  binary  serial  numbers  are  never  used  in 
an  interrogation  of  the  document  MIRF  and  so  do  not  have  to  be  held  in  an  external 
flip-flop  register.  For  this  reason  a  separate  drive  amplifier  does  not  have  to 
be  associated  with  each  of  the  120  cores.  The  number  of  drive  amplifiers  for 
this  section  is  reduced  substantially  by  using  coincident  voltage  selection  of 
cores.  An  8  by  15  selection  matrix  Including  23  drive  amplifiers  is  used. 

Next  consider  the  dictionary  MIRF.  The  alphabetic  code  of  an 
input  word  is  held  in  a  50  bit  flip-flop  register.  Both  the  ONE  and  ZERO  sides 
of  each  flip-flop  is  connected  to  a  drive  amplifier  which  is  associated  with  a 
core  in  the  alphabetic  code  portion  of  the  MIRF.  Thus  100  drive  amplifiers  and 
100  cores  are  used  in  the  alphabetic  portion.  The  serial  number  of  a  word  is 
held  in  a  13  bit  flip-flop  register.  Again  both  sides  of  each  flip-flop  are 
connected  to  drive  amplifiers  which  are  connected  to  primary  windings  of  cores 
in  the  MIRF.  Therefore  26  drive  amplifiers  and  26  cores  are  used  in  the  input 
word  serial  number  portion  of  the  dictionary  MIRF.  The  serial  number  of  a  see- 
also  reference  that  Is  associated  with  an  input  word  is  generated  by  gating  the 
decoded  output  of  a  counter  to  the  dictionary  MIRF.  Thirteen  amplifiers  and  13 
cores  in  the  MIRF  are  required  for  this  purpose. 

(3)  Basic  Operations  Using  the  MIRF's 

Two  types  of  operations  involving  the  MIRFs  are  basic  to  the 
operation  of  this  Document  Data  Indexing  Set.  One  operation  tests  to  see  if 
certain  information  is  contained  in  the  MIRF.  The  other  uses  informati(»  that 
is  contained  in  the  MIRF  to  generate  a  number  in  a  flip-flop  register  external 
to  the  MIRF  proper.  Examples  of  these  basic  operations  are  given  in  the 
following  paragraphs. 
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(a)  Testing  of  Information  Contained  In  a  MIRF 

(1)  Dictionary  MIRF.  During  the  Input  of  English 
words  to  form  a  search  question,  the  dictionary  MIRF 
Is  tested  to  see  If  the  Input  word  is  contained  In 
the  vocabulary  (that  is,  if  It  Is  a  valid  descriptor). 
This  is  done  by  gating  the  contents  of  the  alphabetic 
descriptor  register  to  the  100  drive  amplifiers  assoc¬ 
iated  with  the  alphabetic  portion  of  the  MIRF.  As  a 
result,  SO  drive  asqiliflers  will  be  energized  and  50 
primary  windings  In  the  MIRF  will  carry  current.  If 
one  of  the  stored  words  has  a  bit  pattern  in  the 
alphabetic  portion  that  matches  the  energized  set  of 
primaries,  the  match  detector  will  indicate  a  match 
ccmdition.  If  the  two  are  not  identical,  the  match 
detector  will  indicate  a  mismatch  condition.  The 
output  of  the  match  detector  is  used  to  determine  the 
next  step  in  the  logical  sequence.  It  is  important  to 
note  that  the  test  is  applied  to  the  entire  dictionary 
MIRF  simultaneously  and  that  a  m^tch  or  mismatch  signal 
for  the  entire  MIRF  is  obtained  in  about  5  microseconds, 
(ii)  Document  MIRF.  After  all  words  of  the  search 
question  have  been  typed,  the  superposition  of  their 
search  codes  is  held  in  thi  search  code  accumulator. 

At  the  beginning  of  the  actual  search  operation  the 
flip-flops  of  the  search  code  accumulator  are  gated  to 
their  associated  drive  a^)lifiers.  A  particular  set 
of  drive  amplifiers  is  energized  and  current  flows  in  a 
corresponding  set  of  primary  windings  in  the  superimposed 
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code  field  of  the  docuaent  HIRF.  If  the 
detailed  bit  pattern  represented  by  the  energised 
prinaries  is  included  in  any  of  the  superiaposed  fields 
of  the  stored  docuaent  Indexes,  a  aatch  condition  is 
indicated  by  the  aatch  detector.  If  not,  a  aisaatcb 
indication  is  given.  The  test  is  aade  on  the  entire 
contents  of  the  docuaent  MIRF  siaultaneously  and  a 
YES/NO  response  is  obtained  in  about  S  aicrosec(»d8 . 

It  should  be  pointed  out  that  the  criterion  for 
natch  is  inclusion,  not  identity.  4  docuaent  index 
includes  the  search  question  if  the  following  conditions 
on  the  superlaposed  search  code  portion  of  the  index 
are  satisfied.  First,  for  every  bit  of  the  index 
search  field  that  is  a  (XfB,  the  corresponding  bit  of 
the  search  question  is  either  a  ZEBO  or  ONK.  Second, 
for  every  bit  of  the  index  search  field  that  is  a 
ZERO  the  corresponding  bit  of  the  search  question  is 
a  ZERO,  (in  other  words  a  binary  OCfl  includes  both  a 
(MB  and  a  ZERO,  but  a  binary  ZERO  does  not  include  a 
binary  ONE). 

(b)  Generating  Nuabers  by  the  MZRF  Process 

(i)  Dictionary  MIRF.  The  generation  of  the  serial 
nuaber  of  a  see-also  reference  illustrates  this 
operation.  Assuae  that  an  English  word  having  a 
see>also  reference  has  been  typed  in  and  that  the 
test  for  valid  descriptor  is  true.  The  fact  that  a 
aatch  is  obtained  when  the  alphabetic  descriptor 
register  is  gated  to  the  MIRF  effectively  isolates  one 
line  in  the  dictionary  MIRF.  By  gating  the  alphabetic 
descriptor  register  to  the  MIRF  and  at  the  saae  tine 
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caiwiiig  current  to  flow  In  the  prinery  winding  of 
a  core  that  ie  outaide  the  ali^abetic  code  portion  of 
the  MlRFy  the  binary  value  aaaociated  with  that  core  for 
the  selected  line  can  be  detemined.  The  presence  of 
current  in  the  additional  winding  tests  for  a  binary 
QMB  in  that  position.  If  the  natch  detector  indicates 
a  natch,  the  value  is  indeed  ONE.  However  if  a  nisnatch 
is  obtained,  the  value  nust  be  ZEBO.  So  the  sequence 
for  generating  the  serial  nunber  of  a  see-also  refermce 
is  as  follows.  First  the  flip>flop  let^ister  that  will 
eventually  hold  the  serial  nunber  is  cleared  to  all 
OHEs.  Then  the  alphabetic  descriptor  register  is  gated 
to  its  drive  a^>lifiers  and  a  drive  anpllfier  associa** 
tad  with  the  parity  bit  of  the  serial  nunber  is  energized. 
The  output  of  the  natch  detector  is  observed.  If  a 
naleh  condition  is  observed,  it  is  known  that  the  parity 
bit  is  actually  a  OKE  and  the  parity  bit  flip-flop  in 
the  serial  nunber  register  is  not  changed.  If  a  nis- 
nateh  is  observed  it  is  Imown  that  the  parity  bit  is 
ZBiO  and  the  parity  bit  flip-flop  in  the  serial  nunber 
register  is  changed  to  ZERO.  The  next  step  is  to 
energise  the  drivers  associated  with  the  alphabetic 
descriptor  register  and  a  driver  associated  with  the 
least  significant  bit  of  the  serial  nunber.  Again  the 
output  of  the  natch  detector  is  observed  and  tho  flip- 
flop  assigned  to  the  least  significant  bit  is  either 
allowed  to  stay  at  ONE  or  is  changed  to  a  ZEBO.  This 
procedure  continues  for  13  steps.  At  the  end  of  this 


tlBo  the  12  bit  serial  niiaber  end  its  parity  bit 
will  have  been  generated  and  stored  in  the  serial 
number  register. 

(ii)  Document  MIRF.  The  generation  of  serial  numbers  of 
words  contained  in  responding  docummt  indexes  is  similar 
to  the  procedure  just  described.  In  this  case  the 
accession  ntimber  register  drivers  and  a  driver  that 
corresponds  to  a  particular  bit  in  the  word  serial 
number  portion  of  the  document  MIRF  are  energised. 

Before  the  sequence  begins  the  serial  number  register 
is  cleared  to  all  OHBs.  The  first  step  is  to  determine 
the  value  of  the  parity  bit  by  gating  the  accession 
number  register  number  and  the  proper  circuits  in  the 
word  selection  matrix.  The  output  of  the  docwent 
match  detector  is  observed  and  the  parity  flip-flop 
of  the  serial  nuiber  register  is  left  at  OHB  or  changed 
to  ZBBO  depending  upon  whether  the  match  detector 
output  is  a  match  or  a  mismatch,  nie  remaining  par*^  of 
the  word  serial  nuidMr  is  generated  in  twelve  successive 
steps. 

C.  Circuit  Design 

(1)  Introduction 

Three  principal  types  of  transistor  circuits  are  used  in  the 
document  data  indexing  set:  transistors  used  as  switches  to  drive  the  primary 
windings  of  the  MIRF  cores,  descriainator-as^lifier  circuits  to  accept  the  voltage 
generated  on  the  secondary  windings  of  the  MXRF  cores  (this  is  the  match  detector 
circuit)  and  transistor  logic  circuits  for  the  over-all  control  of  the  MXRF 
operations.  It  was  decided  to  design  all  three  types  at  SRX.  The  first  two  are 
special  circuits  and  could  not  be  bought  from  cosmwrcial  suppliers.  Logic  circuits 


could  be  bought  froa  outside  suppliers  but  It  was  believed  that  a  superior  and 


less  expensive  Job  could  be  done  by  retaining  the  design  In  our  laboratory. 
Excellent  perforaance  of  logic  circuits  during  the  checkout  of  the  experlaental 
equlpaent  has  verified  this  position. 

(2)  Logic  Circuits 

(a)  Selection  of  Basic  Circuit.  Two  types  of  transistor 
logic  circuits  were  considered  Intensively  for  the 
MIRP  systea.  The  first  was  diode  transistor  logic 
(OTL) ,  and  the  second  was  resistor-transistor  logic  (KTL) . 
Both  types  have  found  extensive  use  In  coaaerclal  coaputlng 
equlpaent  either  separately  or  In  coupatible  association. 

Both  types  have  unique  advantages  and  disadvantages  which 
were  carefully  weighed  In  choosing  a  circuit  type  for  the 
MXRF  systea.  The  decision  to  use  BTL  was  based  prlaarily 
on  the  cost  advantage  idilch  It  provides  In  this  particular 
systea  at  the  relatively  slow  speeds  Involved.  Let  us 
consider  each  type  of  logic  systan  In  sobs  detail  to  see 
how  this  cost  advantage  is  obtained. 

A  typical  diode  transistor  logic  circuit  is  shown  In 
Pig.  11-A.  A  circuit  of  this  type  was  used,  for  exaaple, 
la  the  Air  Force  QLD-l  systea,  portions  of  which  were 
designed  at  SRI  In  1959.  The  RTL  circuit  designed  for  the 
MIRF  systea  Is  shown  in  Fig.  11-B*  OTL  circuits  have  several 
notable  advantages  over  KfL  circuits,  chiefly  the  following. 
For  a  given  operating  speed,  the  gain-bandwidth  product 
required  of  the  transistor  is  aueh  less  than  that  required 
in  the  RTL  circuit.  This  speed  ndvantege  arises  prianrily 
hecause  of  the  speed-up  eapneitor  ehioh  is  used  in  the  OTL 
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Ylgure  llA.  A  Typical  OTL  Circuit 
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case.  Secoadly,  the  excellent  Isolation  provided  by  the 
ioput  diodes, rather  than  Input  resistors,  permits  very  large 
fan-ins  to  be  realized  In  DTI.  T1?e  worst-case  lan-ln,  for 
a  given  fan-out. ,  Is  actuzily  so  large  that  ii  Is  not  useful. 
However,  the  excessive  fan-in  can  be  traded  for  relaxed 
tolerances  on  resistors,  power  supplies,  and  devices.  This 
trade-off  makes  the  unit  cost  on  parts  and  devices  for  the 
OTL  circuit  relatively  low.  The  cost  of  a  diode,  however, 
is  still  greater  than  the  coat  of  an  input  resistor,  so 
that  at  least  a  portion  of  the  cost  advantage  of  tiTL  usjng 
ccmventlonal  compon.?nt3  Is  offset. 

At  this  point  It  appears  that  OTL  circuits  are  motiB 
eccmomical  than  RTL.  If  we  were  to  assead>le  the  XIRF  logic 
cards  out  of  convmitlonal  coagMnents  on  a  standard  pointed 
circuit  board,  such  iv  conclusion  would  be  correct.  For  the 
RTL  circuit  one  Is  forced  to  purchase  a  hlgher^apeed  transis¬ 
tor  (at  higher  cost),  and  to  m^re  sstrlngent  tolerances 

on  the  components  (again  at  higher  cost)  In  order  to  achieve 
equivalent  performance  and  rell^bllliy  If  one  considers 
non-conventlonal  compments,  however,  the  situatior  is  entirely 
different.  Ve  are  able  to  purch.«£e  all  the  passive  conponents 
shown  In  Pig.  11-B,  plus  some  additional  capacitors  and 
rsMiistors  for  making  fllp-flojch  and  ablft  registers,  for 
omly  90. SO.  These  compooenta  erw  screened  on  a  paselve 
sithetrate  to  a  toleimnce  of  3%  for  the  reetstore  (St  deslga 
tolerance)  and  10%  for  the  capaciicre.  The  aubetmtee  are 
emcapsuleted  with  a  durs£  coating,  and  are  ready  for  mnuntlag 
to  a  printed  circuit  card  via  ihalf  projecting  l«ads. 


Mechanical  and  electrical  specifications  of  the  element 


used  in  the  logic  circuits  are  shown  in  Fig.  12.  The 
economy  of  the  passive  substrate  approac!^  is  such  that 
even  the  added  cost  of  a  higher-frequency  transistor  is  more 
than  compensated.  Total  component  cost  of  the  RTL  circuit 
is  approximately  85%  that  of  the  OTL  circuit.  In  addition, 
further  economies  are  obtained  because  of  the  time  saving 
obtained  in  mounting  a  single  substrate  rather  than  a  large 
number  of  individual  components  to  the  printed  circuit 
board. 

It  must  be  emphasized  that  no  sacrifices  were  made  in 
operating  speed  or  potential  reliability  of  the  final 
circuitry.  Since  the  operating  frequency  of  the  MIRF 
system  is  relatively  low  (50  kc)  a  suitable  transistor  is 
available  (the  2N2401)  which  is  easily  capable  of  100  kc 
and  higher  frequencies,  even  with  RTL  circuitry.  Reliability 
is  essentially  equivalent  in  the  two  circuits,  worst-case 
design  procedure  being  applied  in  both  instances.  In  fact, 
the  somewhat  better  reliability  figures  for  resistors  over 
diodes  implies  a  minor  advantage  for  the  RTL  circuit. 

(b)  Basic  Gate  Circuit. 

The  basic  gate  circuit  is  shown  in  Figure  12.  This  circuit 
in  typical  use  performs  a  simple  majority  operation.  If 
one  or  more  of  its  three  inputs  are  at  a  negative  potential, 
the  output  is  held  at  ground  potential.  Since  ground  is 
defined  as  the  one  stage  in  this  system  and  a  negative  six 
volt  potential  is  defined  as  a  zero  state,  the  basic  gate 
performs  the  "not  and"  or  NAND  operation. 

The  gate  circuit  is  a  basic  part  of  every  logic  circuit 
employed  in  the  machine.  By  itself  it  performs  the 
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combinatorial  function  of  logical  conditlona.  Two  gata 
circuits  properly  interconnected  fora  a  bistable,  or  flip** 
flop,  circuit.  Two  gate  circuits  interconnected  in  e  eli^^ly 
differant  way  form  a  monostable,  or  one  shot,  circuit.  The 
gate  circuit  is  also  used  as  a  preamplifier  for  an  emitter 
follower  circuit.  The  basic  logical  circuits,  gates,  one 
shots,  flip-flops,  etc.  are  combined  in  cqDtimum  fashion  and 
mounted  on  plug-in  logic  boards.  The  circuit  boards  used 
in  the  Data  Indexing  Set  are  described  in  the  following 
paragraphs . 

(c)  Gate  Board.  Seven  gate  circuits  are  mounted  on  a  printed 
circuit  board  to  fora  the  gate  logic  board  (see  Pig.  13).  Three 
of  the  gate  circuits  have  a  special  feature  in  that  the 
collector  resistor  of  the  gate  transistor  is  not  connected  to 
the  minus  twelve  volt  supply.  Using  these  gates  a  circuit 
having  six,  nine,  or  any  multiple  of  three  up  to  fifteen 
Inputs  can  be  constructed. 

(d)  Three  flip-flop  circuits  are  mounted  on  one  board  as  shown 
by  Fig.  14. 

(e)  Shift  register  board.  Six  flip-flop  circuits  with  special 
Interconnections  are  mounted  on  a  printed  circuit  board  to 
form  the  shift  register  logic  board  (see  Pig.  15).  Printed 
circuit  wiring  on  the  board  connects  four  of  the  flip-flops 
to  make  a  four-stage  shift  register.  Printed  wiring  also 
connects  two  flip-flops  independently  to  fora  a  two-stage 
shift  register. 

(f)  One  shot  board.  Pour  one-shot  circuits  are  mounted  on  the 
board  shown  in  Fig.  16.  Four  gate  circuits  are  also  mounted 

on  this  board  to  provide  inversion  of  signals  Into  or  out 
of  the  one-shot  circuits.  It  should  be  pointed  out  that  the 
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number  of  inputs  on  the  gates  of  the  one-shot  boartl  is 


two,  rather  than  three  for  all  other  gates. 

(g)  Emitter  follower  board.  Four  emitter  follower  circuits 
are  mounted  on  the  board  shown  in  Fig.  17.  The  standard 
logic  gate  that  forms  a  driver  to  the  emitter  follower 
circuit  is  not  permanently  connected  to  the  emitter 
follower.  The  logic  design  rules  permit  a  gate  to  drive 
more  than  one  emitter  follower  circuit.  It  may  be  wired  to 
as  many  as  four  emitter  follower  circuits.  Furthermore  the 
gates  on  the  emitter  follower  card  may  be  used  as  standard 
gate  circuits  (that  is  their  outputs  do  not  necessarily 
connect  to  an  emitter  follower  circuit).  An  emitter  follower 
circuit  can  drive  many  more  loads  than  a  gate,  namely,  20 
loads  as  compared  with  five  for  a  standard  gate  cticuiL. 

(2)  Other  Circuits 

(a)  System  clock.  The  50  kc  clock  used  and  distributed  through¬ 
out  the  entire  logic  portion  of  the  machine  is  generated  by 

a  free  running  emitter  coupled  multi-vibrator.  Two  transistors 
constitute  the  basic  multi-vibrator  which  couples  out  at 
standard  logic  levels  through  a  third  transistor.  Another 
transistor  is  used  to  permit  the  clock  to  be  gated  on  or 
off.  The  ability  to  shut  off  the  clock  is  quite  useful  in 
preventing  damage  to  the  HIRF  drivers  and  components  In 
the  magnetic  MIRF  circuits.  The  clock  board  is  shown  in 
Fig.  18. 

(b)  MIRF  driver.  The  ferrite  cores  used  in  the  document  and 
dictionary  MIRFs  require  drive  currents  of  nearly  two  amperes 
per  line.  Four  MIRF  driver  circuits  are  mounted  on  one 
printed  circuit  plug-in  board  as  shown  in  Fig.  19.  Each 
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circuit  is  capable  of  supplying  the  required  two  aaperes 
at  low  Impedance.  The  power  transistor  that  delivers  the 
drive  current  (Type  2N1905)  is  driven  by  a  push-pull  esdtter 
follower  that  provides  60  ■illi-anperes  of  base  drive  current 
into  the  2N190S.  The  output  power  transistor  has  rise  and 
(all  tiwra  capabilities  of  less  than  0.3  nicroseconds .  The 
actual  current  in  the  load  is  nearly  linear  because  of  the 
Inductive  nature  of  the  load  and  builds  up  to  the  two-aapere 
aaplitude  at  the  end  of  approxiaately  10  Microseconds .  The 
over-shoot  voltage  induced  when  the  transistor  is  turned 
off  is  clasped  by  a  silicon  diode  to  -36  volts.  The  damp 
prevents  excessive  voltage  spikes  froii  appearing  across  the 
output  transistor  while  still  allowing  the  load  Inductance 
to  recover  within  10  ■icroseconds. 

Two  protective  features  of  the  MIRP  driver  circuit 
should  be  noted.  One  is  a  fuse  which  is  inserted  in  series 
with  the  load  to  protect  against  excessive  load  currents. 
Before  the  windings  of  the  Magnetic  circuits  internal  to 
the  MIRP  assenbly  can  be  daasged  by  an  over  current,  the 
fuse  wire  will  open  up.  The  second  protective  circuit 
includes  a  square  loop  Msnory  core  that  is  threaded  by 
the  lead  going  to  the  transistor  load.  This  core  is 
noraally  biased  off,  but  if  the  drive  current  exceeds  a  safe 
value  the  square  loop  core  will  switch  and  induce  a  voltage 
in  a  sense  lead.  The  voltage  in  the  sense  lead  is  aaplified 
and  used  to  turn  off  the  systen  clock.  The  purpose  of  this 
circuit  is  to  protect  the  SIIIBOS  transistor  against  excessive 


heat  dissipeticn 


(c)  Split  switch  driver  board.  Four  circuits  that  are  similar 
to  the  MIRF  driver  circuits  are  mounted  on  a  special  board 
shown  in  Fig.  20.  The  split  switch  driver  circuit  is  always 
used  in  conjunction  with  a  MIRF  driver  circuit  and  effectively 
connects  between  the  output  terminal  of  the  MIRF  load  and 

the  power  supply.  By  using  the  two  circuits,  specific 
cores  in  the  core  array  of  the  MIRF  module  can  be  selected 
on  a  "coincident  voltage"  basis. 

(d)  Source  and  drain  circuits.  Selection  currents  to  a  coincident 
current  magnetic  core  memory  that  is  used  for  scratch  pad 
storage  in  the  system  are  provided  by  the  source  and  drain 
circiilts.  The  coordinate  address  leads  in  the  core  memory 
are  selected  on  the  coincident  voltage  basis  as  follows. 

The  source  circuit  delivers  a  current  of  180  milll-amperes 
to  a  selected  group  of  memory  drive  lines.  The  drain  circuit 
conducts  this  current  from  one  line  of  the  group  to  ground. 

By  proper  selection  of  source  and  drain  current  drivers, 
current  can  be  steered  through  any  selected  line  of  the 
memory.  The  S'Uirce  circuits  contain  a  56  ohm  collector 
limiting  resistor  while  the  drain  circuits  have  no  collector 
load  resistor.  These  circuits  are  intended  to  deliver  half 
select  currents  to  the  memory  for  periods  of  six  to  ten 
microseconds.  A  plug-in  board  on  which  four  source  and  four 
drain  circuits  are  mounted  is  shown  In  Fig.  21. 

(•)  NIRr  dUerililimtli«  MipUfUr.  Tbs  elMctricml  output  of 

tbs  NXRF  MCDStle  aoilults  is  fsoermted  by  *  y«ry  UrfS  dlote 
•mte  laeludiBg  mlmt  900  diodes.  Uoder  tbs  uoret  eoolttlooB 
m  MKteb  tlfnel  trm  this  mrrmy  ema  reach  m  Isvel  ee  bi^ 

M  O.b  volte.  Ob  tbs  othsr  bead,  e  Bieaeteb  siceel  froi 
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the  sane  array  under  worst  conditions  may  only  generate  a 
potential  of  0.6  volts.  It  is  necessary  for  the  MIRF 
discriminating  amplifier  to  differentiate  between  these 
two  signals  and  generate  a  standard  logic  level  output  of 
-6  volts  for  a  mismatch  and  0  volts  for  a  match.  In  order 
to  distinguish  between  very  closely  spaced  match  and  mismatch 
signals  two  thresholds  are  employed  in  the  amplifier.  The 
first  threshold  is  provided  by  a  1N360S  silicon  diode  at  the 
input  to  the  amplifier.  This  diode  does  not  pass  signals 
unless  they  exceed  approximately  0.5  volts.  After  passing 
the  first  threshold  the  signal  Is  auiplified  in  a  leedb.ack 
amplifier  with  a  gain  of  about  50.  If  the  amplified  signal 
then  exceeds  the  second  threshold  of  3  volts,  a  mismatch 
signal  is  delivered  at  the  output  of  the  amplifier. 

(f)  Core  memory  sense  amplifier.  The  sense  output  uf  the 
coincident  current  scratch  pad  memory  is  typically  a  50 
millivolt  bi>polar  pulse.  These  pulses  must  be  detected 
and  restored  to  standard  logic  levels.  In  the  sense  ampllflar 
the  input  signal  is  apolied  to  a  five  to  one  step-up 
transformer  with  a  special  center  tab  and  ground  shield  to 
provide  high  cowaon  mode  noise  rejection.  The  Input  trunsisior 
amplifies  the  slgnsl  by  a  factor  of  five  and  applies  it  to  a 
full  wave  bridge  rectifier  through  a  one  to  one  transformer. 

The  bridge  rectifies  the  bi-polar  signal  and  simultaneously 
rejects  any  signals  which  do  not  exceed  the  diode  threshold. 

If  the  threshold  is  exceeded,  the  output  transistor  condv  ts 
and  a  ground  level  ia  produced  at  the  output  terminals. 

SO 


0. 


(g)  MIRF  error  sensing  amplifier.  A  small  square  loop  men  ,ry  core 
is  associated  with  the  output  lead  of  each  MIRF  driver.  The 
purpose  of  the  MIRF  error  sensing  amplifier  is  to  amplify  a 
voltage  induced  in  the  sense  lead  of  the  square  loop  core  in 
case  of  an  excessive  drive  current.  This  amplifier  is  quite 
similar  to  the  discriminating  amplifier.  The  major  difference 
is  that  the  error  sensing  amplifier  does  not  have  the  input 
threshold  diode  that  is  used  in  the  IfIRF  discriminating  aaq>llfier. 
The  output  of  the  error  sen-slng  amplifier  is  used  to  set  the 
clock  control  flip-flops  to  a  state  in  which  the  clock  pulses 

are  turned  off. 

(h)  Circuit  for  detecting  excessive  number  of  IfIRF  gate  pulses. 

This  protective  circuit  insures  that  the  number  of  consecutive 
gating  pulses  that  is  applied  to  the  MIRF  modules  is  not 
excessive.  The  basic  parts  of  the  circuit  are  an  integrator 
and  a  f-chmidt  trigger.  Input  pulses  are  amplified  and  inverted 
by  the  first  transistor  stage  and  are  integrated  in  the  0.3? 
microfarad  capacitor.  Vh«i  about  300  pulses  have  been  received 

by  the  circuit,  the  voltage  developed  on  the  integrating  capacitor 
reaches  the  threshold  (3  volts)  of  the  Schmidt  trigger  and  s 
single  output  pulse  is  generated  This  output  pulse  sets  the 
c'v  >ck  control  fVip-flott  to  the  stste  that  turns  off  the 
clock.  The  int^rstinij  circuit  aieuya  completely  recovers  to 
less  than  !00  milUseconds  so  that  cormml  operations  of  the 
MI.RF  magnetic  circuits  are  not  interrupted.  Thia  circuit  is 
required  beceuee  too  long  (ontlnued  pulsing  of  ihe  MtItF 
aMgnertc  circuits  will  cause  damage  to  the  components  of  the 
magnet tc  circuits  and  overload  the  power  supply. 

Magnetic  Design 

(1)  General  Ctmiside rat  ions 


The  magnetic  design  of  a  MIRF  unit  Is  centered  in  the  Individual 
magnetic  core.  Each  core  acts  as  a  transformer  with  a  multi-turn  primary  winding 
and  many  single  turn  secondary  windings.  When  current  flows  in  the  primary 
winding  the  magnetic  core  must  be  capable  of  producing  a  flux  change  of  sufficient 
time  duration  and  amplitude  to  generate  the  desired  signal  in  secondary  windings. 
The  amplitude  of  the  Induced  voltage  is  determined  primarily  by  the  characteristics 
of  the  diode  associated  with  the  secondary  winding.  The  duration  of  the  induced 
voltage  is  determined  primarily  by  noise  on  the  secondary  winding  and  the  delay 
required  before  sampling  of  the  output  can  be  accomplished. 

The  cross  sectional  area  of  the  magnetic  core  is  proportional  to 
the  product  of  the  amplitude  and  duration  of  the  voltage  induced  in  the  secondary 
windings  (this  is  usually  referred  to  as  the  volt-second  area  of  the  induced 
voltage  pulse).  This  was  kept  reasonably  small  by  using  a  high  quality  germanium 
diode  which  requires  a  back  biasing  voltage  of  only  .6  of  a  volt  in  order  to 
perform  properly  in  the  diode  circuit  associated  with  the  input  to  the  discrimin¬ 
ating  amplifier.  The  circumferential  length  of  the  magnetic  core  is  determined 
primarily  by  the  number  of  secondary  windings  associated  with  the  core  and  the 
mechanical  design  of  the  supports  for  these  windings.  In  the  MIRF  units  of  the 
experimental  equipment  the  core  has  the  capacity  for  2,000  secondary  windings. 

The  core's  mean  circumferential  length  is  seven  inches;  its  cross-section  is  a 
square,  one  quarter  inch  on  a  side. 

Two  other  considerations  influenced  the  selection  of  the  magnetic 
cores  used  in  the  MIRF  units.  One  is  the  requirement  that  the  core  be  made  in 
two  pieces  so  that  the  array  of  cores  can  be  separated  into  two  portions  to 
facilitate  Initial  wiring  and  changes  in  wiring.  The  other  is  the  necessity  of 
using  ooismerclBlly  available  parts.  The  number  of  cores  needed  In  this  experi¬ 
mental  equipment  Is  too  small  to  Justify  the  design  and  production  of  a  core  of 
special  size  or  shape. 

(2)  Details  of  the  Dictionary  and  Document  MIRF  Units 

The  Individual  cores  used  are  the  same  for  both  the  dictionary 

SI 


and  the  document  MIRF.  The  only  difference  between  the  two  magnetic  structures 
is  in  the  number  of  cores  and  the  wired  Information  patterns.  140  cores  are 
used  in  the  dictionary  and  234  cores  in  the  document  MIRF.  Each  core  is  ccmposed 
of  two  "u"  shaped  structures.  These  parts  are  Allen  Bradley  part  no.  UC  892"141C 
which  have  been  specially  modified  at  the  factory  to  produce  a  maxinmm  of  .0005" 
air  gap  in  each  leg  when  two  such  structures  are  joined  together  to  produce  a 
MIRF  core.  To  drive  each  cere  a  twenty  turn  primary  winding  is  provided.  This 
consists  of  two  ten  turn  distributed  windings  each  wound  on  a  fish  paper  bobbin 
or  coll  form.  These  windings  are  distributed  in  such  a  ma>\ner  as  to  minimize  the 
leakage  flux  and  the  resulting  noise  signal  therefrom.  There  is  also  a  bias 
winding  which  consists  of  one  turn  mounted  on  the  base  plate  or  bottom  tray  which 
supports  the  primary  bobbins.  This  winding  will  apply  two  ampere-turns  to  each 
core.  The  primary  winding  will  drive  ',ae  v  -re  from  an  18  volt  voltage  source  through 
a  transistor  switch  driver.  This  allows  ior  a  2  volt  drop  in  the  wiring  resistance 
and  the  drop  across  the  transistor.  Tlie  output  voltage  then  which  is  induced  upon 
each  secondary  winding  (each  is  a  single  turn  winding)  is  an  essentially  rectangular 
voltage  pulse  having  a  drop  of  .1  volt  in  ten  microseconds,  from  .8  volts  at  the 
leading  edge  to  .7  volts  Just  prior  to  the  trailing  edge.  The  maximum  MMF  applied 
to  the  core  through  the  primary  is  fourteen  ampere-turns  (.7  amperes)  and  this 
occurs  at  cen  microseconds  after  the  beginning  of  the  pulse.  To  accommodate  the 
expanded  capacity  of  the  MIRF  model  (3,000  documents  and  3,000  dictionary  words) 
three  primary  windings  will  be  driven  in  parallel  for  the  file  and  two  in  parallel 
lor  the  dictionary.  The  maximum  driver  current  required  from  the  file  drivers  is 
seen  to  be  2.1  amperes,  and  for  the  dictionary  1.4  ampere.  A  transistor  protection 
circuit  Is  provided  which  will  produce  an  alarm  signal  if  the  collector  current  of 
the  transistor  reaches  2.5  amperes.  This  condition  obtains  when  the  total  air 
g  p  in  a  given  core  increases  by  about  3  times  or  each  of  the  air  gaps  in  all  three 
cores  connected  to  a  given  driver  increase  by  a  factor  of  about  2. 
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The  design  obJ«ctivet  tor  the  two  umgaotio  U2SF  wtructurea  were;  to 

liait  the  aolee  elgiial  due  to  leekege  flux  whea  all  drlvea  cores  to  .1  volt,  awl 

to  daiq>  out  the  traaslent  aolee  elcnal  within  the  flret  1-1/2  iieec.  Meetlnc  these 

deslga  objectives  will  Insure  that  the  nlaiiMa  voltage  developed  oo  a  line  which  threads 

a  core,  i.e.,  a  false  repoase  is  .6  volts  and  the  ■axlnua  signal  on  an  unthreaded  line, 

i.e.,  a  true  reponse,  is  .1  volt  after  first  1-1/2  (iseconds  and  up  to  the  end  of  the 

output  period  8-1/2  ^seconds  later.  This  then  provides  a  ■InlMUB  signal  to  noise 

ratio  of  6:1  for  each  docuasat  line.  For  reasons  of  efficiency  of  sense  aiqillfiers 

the  outputs  of  aany  docuaent  liaes  are  connected  to  the  load  through  an  isolating 

diode  cluster  vis.,  286  diodes.  The  sense  of  the  diodes  is  such  as  to  aalatain  the 

voltage  across  the  load  at  ground  potential  <mly  in  the  case  when  one  or  nore  IniKit 

docuaent  lines  have  only  the  noise  volcage  induced  thereon.  This  is  the  case  of  one- 

or  aultiple-true  reponses.  The  worst  case  (from  a  design  consideration)  is  at  the 

o 

higher  teap. rature  liait  e.g.,  50  C.,  where  the  diode  leakage  current  is  a  naxlaun 
and  for  the  ease  of  a  single  true  response,  the  total  leakage  current  of  all  diodes 
passes  throu^  the  one  diode  giving  a  rise  to  a  large  forward  voltage  drop  vis., 

.45  volts  aaxiaua.  The  worst  case  (again  froa  a  design  considers  ion)  which  produces 
the  ainiaua  false  signal  occurs  when  a  large  »ud>er  of  docuaent  lines  have  but  a  single 
induced  voltage  on  then  (this  aeana  the  voltage  i^uced  threading  a  single  core) . 
■ere,  there  is  a  saall  total  diode  current  i.e.,  the  current  required  to  flow  through 
the  load  resistor  to  drop  the  gate  li^upply  voltage  Ijss  this  single  induced  voltage 
across  it,  and  so  caly  a  porti<Hi  of  tala  current  is  carried  by  each  diode;  thus  the 
forward  voltage  dr<q»  across  the  diodes  is  negligibly  saall.  The  ainiaua  false  signal 
across  the  load  resistor  being  .6  volts.  The  signr.l  to  nolsu  ratio  at  the  output  of 
the  diode  gate  then  is  1.32:1. 

In  operation  of  a  sjall  breoiboarU  aodel  it  was  found  that  the  priaary 
winding  and  the  associated  capacity  of  the  coaxial  cable  together  with  the  output 
capacity  of  the  transistor  forasd  a  hl^  Q  resonant  circuit.  ThsM  circuits  which 

are  latercouplsd  through  the  coaplex  wiring  pattern  and  Interwindlng  CMipnelty  heoow 

shock  excited  when  so  coupled  to  a  core  vdUch  was  driven.  This  o>itput  then  appeared 
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on  the  output  of  the  document  lines  linking  much  cores.  It  was  further  found 
that  the  frequency  of  this  noise  signal  was  a  function  of  the  number  of  cores 
liiiked  by  the  document  wires,  and-tbe  amplitude  was  a  function,  of  the  number  of 
cores  driven.  In  the  small  model— which  contained  10  cores  but  the  full  length 
(15')  of  document  wiring  for  22  documents— the  ringing  frequency  was  observed  to 
be  as  low  as  500  kc  and  the  amplitude  with  7  cores  driven  was  a  .2  volts  after  2  psec. 
It  is  clear  that  such  a  magnitude  of  noise  would  prevent  detection  of  a  correct 
true  reponsc  1-1/2  psec  after  the  output  pulse  leading  edge,  and  it  would  be 
aggravated  in  the  full  sice  system. 

An  effective  solution  is  the  combination  of  a  resistor  in  parallel 
with  the  prlaary  vloliag  to  damp  tbt  circuit  mnA  a  dlodm  In  terlca  with  the  prloary 
to  decouple  the  line  capacitance.  By  inserting  a  diode  In  series  with  the  drive 
winding  and  physically  close  to  It,  the  capacity  is  reduced  to  a  minimum  value  and 
is  independent  of  the  method  of  and  variable  length  In  the  wiring  to  the  core  drivers. 
This  results  in  a  high  ringing  frequency  which  requires  only  a  1000  ohm  resistor 
in  shunt  with  the  winding  to  cause  the  circuit  to  have  a  Q  of  less  than  1/2  at  Its 
natural  resonant  frequency  which  is  the  condition  for  on  overdamped  circuit.  This 
modification  then  effectively  eliminates  ringing  currents  in  the  primary  winding. 

In  the  breadboard  model  there  was  also  a  noise  signal  of  about  5  me  which 
is  attributable  to  the  inductance  and  capacitances  of  the  document  wires*  The 
frequency  of  this  noise  signal  Is  essentially  independent  of  the  number  of  cores 
In  the  model  but  Its  amplitude  is  dependent  upon  the  nuBd>er  of  cores  driven.  A 
parallel  tuned  circuit  tuned  to  the  ringing  frequency  and  Inserted  In  series  with 
the  gate  load  resistor  has  proven  effective  In  reducing  this  noise  signal  to  a  very 
low  value  within  1  iisec  following  the  leading  edge  of  the  output  pulse*  This  type  of 
noise  was  negligible  In  the  full  scale  MZRF  and  no  filtering  was  done  at  the  Input 
to  the  discriminating  amplifier. 

(3)  Analysis  of  Effects  of  Xnter-Item  Capacitance  on  Drive  Circuit  Eequlrements 
The  magnetic  portions  of  the  imr  experimental  model  (the  Document  and 
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OictioiMiry  files)  consist  of  sets  of  aagnetic  cores  with  the  following  character¬ 
istics:  each  core  has  a  separate  priaary  (or  drive)  winding,  and  each  core  is 
associated  with  aany  (1000)  aingle-tum  secondary  windings.  The  secondary  windings 
pass  through  or  around  all  cores  in  the  set*  and  so  fom  a  long  "rope."  Because 
wires  in  this  rope  lie  close  together  over  considenble  distances,  significant 
capacitance  exists  between  then.  When  a  core  la  energized  by  its  associated 
driver,  a  voltage  will  be  Induced  in  those  secondary  wires  that  thread  the  energized 
core.  Therefore,  a  potential  difference  will  exist  between  the  secosdaries  that 
thread  the  core  and  those  that  do  not,  and  capacitive  currents  will  flow. 

The  purpose  of  this  analysis  is  to  show  the  effect  of  such  capacitive 
currents  on  the  requirenents  for  the  driver  circuit  connected  to  the  prlnary  winding 
Of  t)M  NXRr  ooroa.  To  the  effect  of  eopaeitive  currents  in  a  alapllfled 

case,  consider  a  single  pair  of  secondary  windings  and  three  associated  cores,  as 
shown  in  Fig.  22-A.  Ou  the  left  side  of  the  cores,  the  windings  are  connected  to 
a  coMnon  bus,  and  on  the  right  they  extend  a  considerable  distance  so  that  a  substantial 
capacitance  exists  between  then  (shown  as  a  lunped  capacitance) .  If  Core  A  is 
energized,  a  potential  difference  will  be  developed  between  Winding  #1  and  02,  and 
a  capacitive  current  will  flow  in  Windings  01  and  02,  Notice  that  the  effect  of 
the  current  depends  upon  wiring  patterns  of  the  two  windings:  at  Core  A,  the 
capacitive  current  is  in  the  direction  to  oppose  a  priaary  drive  current;  at  Core  B, 
it  would  aid  a  priaary  current,  and  at  Core  C,  there  would  be  no  net  effect  because 
both  windings  thread  the  core.  The  aagnitude  of  the  current  depends  on  the  voltage 
developed  between  the  two  windings  and  the  capacitance  between  then. 

la  the  MIRF  experiaental  aodel,  the  analysis  of  inter-itea  capacitance 
is  auch  aore  coaplex  because  there  are  nany  cores,  nany  secondary  windings,  and 
a  unique  wiriiNC  pattern  for  each  secondary.  An  exact  analysis  is  c<Nq>lieatad  by  two 
other  factors;  (1)  the  result  of  the  analysis  should  be  valid  for  a  fully  expanded 

•  laeli  vlra'a  pattara  It  UBlqui  mad  It  Atttmiaad  bgr  tht  tetolltd  digital 
ttmetnr*  of  tte  Xtm  tkt  vlro  rtprattnu. 
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Figure 


Sii^llfled  Exeaple  of  Inter-Iten  OepeclteDce 


iKxiel  (5000  docuaents) ,  but  only  the  document  data  tor  the  first  1000  docunents 
is  known;  and  (2)  the  contents  of  the  file  will  not  be  static  but  will  change  due  to 
updating.  Therefore,  this  analysis  is  sade  for  a  hypothetical  set  of  wiring 
patterns  that  siaplifies  the  prohlea  and  yet  gives  results  that  are  conservative 
compared  with  the  worst  conceivable  actual  case. 

This  hypothetical  case  can  be  described  as  follows: 

(1?  A  group  of  120  cores  adjacent  to  the  diode  end  of  the  MIRF 
circuit  are  considered. 

♦ 

(2)  Half  of  this  group  (60  corca)  arc  cnorfised  slaultaneo><«ly. 

(3)  The  60  energised  cores  are  ccmsldered  to  be  lumped  together 
and  to  be  located  six  feet  from  the  diode  (open)  end  of  the 
windings . 

as 

(4)  5000  secondaries  are  associated  with  the  energized  cores, 

2500  wires  threading  the  cores  and  1500  bypassing  them. 

(5)  The  2500  pairs  of  sec<mdarles  lie  contiguous  to  one  another  for 
a  distance  of  six  feet  on  the  diode  side  of  the  energized  cores. 

Figure  23  shows  this  pattern  schematically.  All  secondaries  are  connected 
to  a  conrwon  bus  <»  the  left  of  the  energized  cores.  The  capacitance  for  each 

pair  of  secondaries  Is  comnited  from  the  formula  for  the  capacitance  between  two 

ee* 

round  conductors,  as  follows: 


4  These  conditions  correspond  to  the  actual  worst  ca«e  tn  the  Mtlir  model-‘»vlz.. 
the  AeeesslOn  Humber  and  Superlnposed  Search  Code  sections  of  the  Document  MIRF. 


44  The  fully  depended  HltF  will  have  three  sets  of  cores,  two  sets  associated  with 
SOOO  docunants  and  the  third  set  essoclated  with  the  rmolniiv  1000  docunents. 

The  correepondlng  cores  In  each  set  elll  be  connected  in  perallel  end  driven  by  the 
esM  driver.  Schematically  this  nay  be  represented  by  a  single  set  of  cores  for 
the  5000  docunrats. 


44e6on  F«  I.  Ternan.  Isdio  iagineere  Msndbooh,  1st  ad.. 


(140). 


For  #36  wire  insulated  with  heavy  Fomvar  (0 .006-inch’^iauaeter)  the  capacitance 

for  is  13.6  pic'^farads  per  foot.  Therefore,  the  totcl  capacitance  for  2S00  pairs 
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of  six-foot  length  is  2500  x  6  x  13.6  •  0.205  x  10  picofarada  -  0.205  micro¬ 
farads)  .  The  voltage  developed  between  the  threading  and  bypassing  grcwps  of 
secondaries  is  0.8  volts*  for  each  energized  core.  Since  the  sixty  energized 
cores  are  effectively  in  series,  the  capacitance  must  be  charged  to  48  volts. 

Now  the  problem  is  to  determine  whether  the  capacitive  current  flowing 
can  be  of  such  magnitude  as  to  prevent  a  drive  circuit  from  supplying  sufficient 
current  n  «t«nd«rd  output  voltage  on  a  secondary.  To  meet  the  design 

specification  on  transient  response,  the  capacitance  should  be  charged  in  1-1/2 
microseconds.  To  charge  the  total  capacitance  to  48  volts  in  this  time  would  require 
an  average  current  of  6.4  amperes.  This  current  produces  an  IMF  of  6.4  ashore 
turns  in  the  direction  to  oppose  the  IMF  produced  by  the  drive  current  in  the  primary 
winding.  The  drivers  are  designed  to  have  the  capability  of  producing  a  0.8-volt 
output  pulse  for  ten  microseconds  on  the  secondary  windings,  in  the  absence  of  the 
capacitive  current.  Because  the  primary  winding  looks  almost  like  a  pure  inductance 
to  the  driver,  the  primary  current  rises  nearly  linearly  fiom  zero  to  2.1  amperes. 
Thereof  ore.  the  driver  must  have  the  capacity  for  supplying  2.1  amperes  to  the 
twenty-turn  primary  winding,  and  so  for  producing  an  MM  of  42  ampere  turns.  Ouring 
the  first  1-1/2  microseconds,  the  MM  rises  to  only  8.3  wmfmf  turns  (18%  of  42). 

It  can  be  seen  that  the  excess  capacity  of  the  drive  circuit  (48-6.3)  is  more  than 
ah'iiluate  to  supply  the  current  re<piired  to  charge  the  inter-item  capacitance. 

(4)  Analysis  of  Flux  Leakage  Problem 

In  an  idealised  case,  a  wire  that  passes  outside  a  nagnetic  core  would 
not  be  influenced  by  flux  changes  la  the  magnetic  circuit.  In  p^sical  circuits, 
however,  flux  is  not  wholly  confined  within  a  magnetic  structure  and  a  small  voltage 
i.«  induced  in  wires  that  pass  outside,  but  near,  the  sttucturw.  iMen  thm  UMPtotic 


s  Thi.v^  is  the  design  specification  tor  the  lUlf  circuit. 


structure  Is  Bade  In  two  parts  and  has  air  gaps,  this  leakage  flux  problem  Is 
aggravated— -especially  in  the  vicinity  of  the  air  gaps. 

In  the  MIRF  experimental  model,  each  item  wire  follows  a  complex  path 
associated  with  many  cores,  threading  some  cores  and  bypassing  others.  During 
the  basic  MIRF  operation  of  searching,  a  suitch  on  a  particular  item  results  when 
its  item  wire  bypasses  all  cores  that  are  energized.  Since  many  cores  may  be 
energized,  the  voltage  induced  in  the  selected  (l.e.,  match)  wire  by  leakage  flux 
at  each  core  must  be  very  small  in  order  to  assure  that  the  cumulative  voltage  will 
be  acceptably  small,  'the  design  goal  for  the  experloiental  model  is  that  the 
maximum  cumulative  voltage  due  to  leakage  flux  be  less  than  15  percent  of  the 
voltage  Induced  in  a  wire  that  threads  one  energized  core.  Since,  in  the  worst 
ease,  a  selected  wire  may  be  subjected  to  leakage  flux  from  57  cores,  the  maximum 
voltage  contribution  per  core  is  1/57  x  0.15  x  0.7  volts,  or  less  than  two  milli¬ 
volts.  Ibis  corresponds  to  a  leakage  flux  of  1/4  of  1  percent  at  each  core. 

To  achieve  the  design  goal,  two  i^thods  for  reducing  the  leakage  flux 
are  employed: 

(1)  Contoured  distributed  primary  windings 

(1)  Cancellation  techniques. 

Ibe  principal  Involved  in  the  use  of  a  contoured  distributed  winding  is  one  of 
compmsation  of  the  magnetic  potential  drt^)  by  a  corresponding  rise  In  magnetic 
potemtlal  at  the  points  where  the  drop  occurs.  To  obtain  the  most  effective 
caneellatian  the  winding  should  be  distributed  completely  around  the  core.  However, 
Im  order  to  allow  the  windings  to  he  wound  on  bobbins  which  can  then  later  be  slipped 
over  the  laipi  of  tte  core,  only  two  legs  may  be  used  for  the  distributed  winding. 

Am  aaaeidhled  core  having  the  two  wound  bobbins  is  idMwa  in  Pig.  24.  The  winding 
■hoem  haa  a  linear  spaelag  emeept  im  the  center  itere  two  turns  are  closely  spaced 
to  oenpemaate  for  the  potential  dr^  across  the  gaps.  Figure  ift  ^mws  the  idealised 
■sgnstie  eirsitit  spread  out  as  though  the  core  were  opened  on  a  plane  through  AA. 

Ihs  lamer  draeiag  shews  the  potential  dnnp  and  the  potential  rise  around  the  circuit 


*ith  mn  arbitrary  aero  of  Mff  for  reforeoce.  The  upp«r  drawing  abowa  the  resultant 
potential  difference  of  the  circuit.  The  leakage  flux  la  a  function  of  the  potential 
difference  between  two  points  on  the  nagnetlc  circuit  and  Inversely  proportional 
to  the  distance  between  then.  It  is  seen  then  that  the  results  of  the  contoured 
distributed  winding  is  to  greatly  reduce  the  leakage  flux  by  decreasing  the  potential 
difference  along  the  whole  leg  length. 

The  effect  of  the  noiae  cancellatiOB  winding  nay  be  explained  by  referring 
to  Pig.  26  which  shoos  the  relation  of  two  wires  to  the  leakage  flux  paths.  One 
wire  represents  an  its*  winding  and  the  other  a  cancellation  winding.  The  itee  wire 
D,  being  closer  to  the  core,  is  linked  by  a  slightly  greater  aaount  of  leakage  flux  than 
the  return  (cancellation)  wire  K.  By  connecting  these  two  wires  so  that  the  induced 
voltages  cancel,  the  net  voltage  will  be  only  the  difference  of  the  leakage  flux 
signals  induced  in  the  two  wires,  la  a  group  of  MIRP  cores  the  iten  wire  would 
thread  and  bypass  cores  la  a  unique  pattern  and  the  casccllatlon  wire  would  bypass 
all  cores.  Cancellation  of  the  induced  signals  e»uld  be  effected  by  Joining  the 
two  wires  togethnr  at  one  end  and  taking  the  output  signal  fron  the  other  end.  In 
practice  there  need  not  be  a  unique  return  wire  asroeiated  with  each  iten  wire.  One 
return  wire  nay  be  associated  with  a  snail  group  of  iten  wires,  all  of  which  are 
joined  to  the  return  wire  st  the  one  end  of  the  array  of  nagnetlc  cores.  In  the 
ntf  nodel  there  are  about  180  iten  wires  associated  with  a  return  wire, 

B.  Mechanical  Design 

(1)  Areas  of  Effort 

Hacbanical  design  effort  was  spent  In  two  prlaniplo  areas.  One  is 
the  over-all  layout  Of  equlpnsnt  In  the  eaperlnental  nndel  and  the  bousliNI  the 
eguipnent  to  provide  nanlnun  accessibility  to  circuits.  This  phase  of  a  nsebaeical 
deaign  is  ewll  illustrated  by  the  photographs  of  Pigs,  t  through  6.  The  other  and 
UMW  challenging  area  is  the  design  of  structures  for  holding  the  0  cores  of  the 
dictionsry  and  decuBSut  HUP  unita.  too  separate  physical  structures  are  used,  one 


for  each  MIRF.  Ihe  cores  are  arranged  in  a  rectangular  pattern  and  are  supported 
by  long  bobbins.  These  bobbins  are  firmly  attached  to  a  base  structure  and  carry 
the  primary  windings  for  the  cores. 

(2)  Design  of  the  MIRF  Unit  Module 

A  MIRF  module  is  a  complete  assembly  of  s^gnetic  cores,  primary 
windings  for  the  cores,  and  sub  modules  of  secondary  windings  with  their  associated 
diodes.  One  of  the  modules  in  the  experimental  equipment  i?  shown  in  Fig.  6.  The 
construction  of  a  module  is  Illustrated  by  the  exploded  view  of  Fig.  2/.  The 
principle  parts  of  the  assembly  are  the  base,  or  coil  bobbin,  assembly  and  the 
item  wiring  trays.  The  coil  bobbin  assembly  consists  of  a  field  of  paper  bobbins 
(two  per  Mgnetlc  core)  that  are  cemented  to  a  1/8"  thick  phenolic  board.  Each 
bobbin  carries  a  ten  turn  winding.  The  windings  on  ^Mirs  of  bobbins  are  connected 
in  series  to  fora  the  primary  winding  tor  one  of  the  magnetic  cores.  An  item  tray 
is  a  1/16"  thick  phenolic  board  with  a  field  of  shallow  bobbins  that  matches  the 
field  of  coil  bobbins.  The  bobbins  on  the  item  tray  are  slightly  larger  than  the 
coll  bobbins,  permitting  item  trays  to  be  stacked  up  on  the  coil  bobbin  assembly. 

286  item  wires  can  be  accommodated  by  one  item  tray.  The  diodes  that  are  connected 
in  series  with  the  secondary  windings  and  form  the  input  circuit  to  the  discriminating 
amplifier  are  mounted  on  the  edge  of  the  item  tray.  \  MIRF  nodule  is  assembled  by 
sliding  up  to  seven  item  trays  into  position  on  the  coil  bobbin  assembly.  One  set 
of  U  cores  ts  then  inserted  into  the  set  of  coil  bobbins  and  are  held  in  place  uy 
a  plate  with  a  apongy  silicon  msterisl  psd.  The  other  set  of  U  cores  is  then 
dropped  Into  position  on  the  opposite  side  of  the  bobbin  coils.  Flnslly  the  top 
plate  also  with  s  spongy  pad.  Is  dropped  into  position  to  holt!  the  entire  sssembly 
intsrt.  The  two  sets  of  U  cores  sre  held  together  under  slight  pressure  from 
the  silicon  pads.  Throughout  this  design  special  attention  was  given  to  achieving 
a  reliable  method  of  diaasses^ling  and  rsmssembling  the  module  ao  that  sub  modules  of 
item  wiring  could  be  changed  easily. 


Several  details  of  the  construction  are  illustrated  by  the  following 
photographs.  Fig.  28  shows  the  bottom  side  of  the  coil  bobbin  assembly  partly 
wired.  The  bottom  of  the  coil  bobbins  with  the  terminals  of  the  primary  winding 
can  be  seen  inside  the  round  clearance  holes  in  the  phenolic  board.  A  complete 
item  tray  is  shown  in  Fig.  29.  The  item  wires  start  in  the  upper  left  comer  of 
the  trays  where  they  are  connected  to  a  common  bus  bar.  They  pas  from  left  to 
right  in  the  first  row  of  cores,  then  back  and  forth  until  they  emerge  in  the 
lower  left  center  part  of  the  tray.  The  wires  then  run  to  assemblies  of  diodes 
where  each  wire  is  connected  to  its  own  individual  diode.  The  osjtput  side  of  the 
diodes  (the  cathodes)  are  connected  together  and  wired  to  a  small  connector  which 
Is  seen  in  the  lower  lefthand  portion  of  the  tray  Even  though  each  tray  contains 
detailed  wiring  for  286  items,  only  two  wires  run  from  the  tray  to  the  external 
discriminating  amplifier.  Figure  29  also  shows  a  pair  of  primary  coil  bobbins  with 
the  two  U  cores  inserted.  Several  item  tray  bobbins  that  would  carry  the  secondary 
windings  are  also  shown.  A  closeup  of  a  MIRF  module  with  the  top  plate  removed  is 
shown  in  Fig.  30.  The  tops  of  one  set  of  U  cores  can  be  seen  as  well  as  four  item 
trays.  The  connectors  for  the  output  of  the  item  trays  can  be  seen  in  the  lower 
center  part  of  the  photograph.  The  discriminating  amplifier  circuits  (one  for 
each  of  the  7  item  trays  that  can  be  incluaed  in  a  module)  are  located  on  the  circuit 
board  that  is  mount  ?d  in  front  of  the  magnetic  module. 

F.  Expermiental  Results 

(1)  Equipment  Checkout 

The  detailed  checkout  of  the  experimental  model  was  carried  on  in 
two  phases.  In  the  first,  work  was  done  simultaneously  on  three  major  sub  divisions 
of  the  control  logic  and  on  the  dictionary  and  document  MIRF  units.  This  part 
of  the  checkout  was  accomplished  in  approximately  four  calendar  weeks.  The  second 
phase  of  the  checkout  consisted  of  the  integration  of  the  four  major  portions  that 
had  been  separately  checked  out  and  the  testing  of  the  over-all  system.  The 
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Figure  2B.  Botton  View  of  Core  Bobbin  Aseeably  (partially  vired) 


Figure  y>.  Close-vg>  of  NIRF  Nodule  in  Equipwot  OnbltM»t  of  fi^eriaental  Nodbel 


second  phase  required  approxlnately  eight  calendar  weeks.  Hie  sKist  camgoa  source 
of  trouble  in  both  phases  of  the  checkout  was  errors  in  the  back  panel  wiring  in 
the  logic  and  control  section  of  the  equlpscnt.  Errors  in  gate  signal  tiadng 
and  incoaplete  logical  conditions  also  required  a  large  portion  of  the  debugging 
tine.  Beside  these  ordinary  checkout  difficulties,  there  was  only  one  significant 
source  of  tz'ouble:  namely,  noise  on  the  system  voltage  busses  caused  by  the  very 
large  surge  currents  which  flow  during  the  interrogation  of  the  MIRF  units.  Dlls 
condition  was  rectified  by  adding  large  (100  microfarad)  tantalum  capacitors  at 
the  end  of  the  voltage  busses  on  the  MIRF  driver  modules  and  by  adding  smaller  (1.5 
microfarad)  tantalum  capacitors  on  the  Elco  con^iectors  that  the  MIRF  driver  circuit 
boards  are  plugged  into. 

At  the  end  of  the  checkout  period  all  logical  operations  designed  into  the 
equlpaient  worked  properly.  A  printout  of  the  contents  of  the  document  MIRF  unit 
was  made  to  check  the  contents  of  the  document  MIRF  and  the  translating  capability 
of  the  dictionary  MIRF.  All  of  the  more  than  1,000  documents  indexes  appeared  in 
this  printout  and  more  than  90  percent  of  the  printouts  were  perfect.  Most  of 
the  remaining  10  percent  contained  only  one  error  in  a  desciiptor.  Some  contained 

errors  in  two  or  more  descriptors  and  a  few  (less  than  5)  contained  so  many  errors 

that  they  would  be  considered  useless.  A  complete  check  of  the  dictionary  MIRF 
unit  as  an  input  device  was  also  made  and  it  was  found  that  more  than  9t  percent  of 
the  roughly  1,000  dictionary  words  could  be  entered  from  the  input  typewriter. 
Errors  in  wiring  of  the  item  trays  of  the  dictionary  (misspellings,  parity  errors, 
etc.)  prevented  the  successful  entry  of  words  from  the  typewriter. 

(S)  Ixs^^les  of  Responses  to  Search  Questions 

Figures  31  through  36  are  reproductions  of  actual  printouts  nade  by 
the  experimental  equipment.  Ibe  format  of  the  typewritten  record  of  a  search  in 

the  experimental  model  is  shown  in  Fig.  31.  The  first  two  lines  "Stanford  Research 

Institute  Project  4110,  etc."  is  a  manually  typed  heading  for  the  subsequent  search. 
It  was  typed  while  th<»  typewriter  was  effectively  disconnected  from  the  rest  of 
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the  equlj^nt.  Ibe  eearcb  question  consists  of  three  words,  nsaelj  "coding," 
"cosiputers,"  "digital."  This  line  was  A so  typed  nanually.  The  rest  of  the 
printout  is  the  nachlne's  response  to  the  search  question.  Seven  documents  responded. 
For  each  one,  a  lour  digit  accession  nunber  and  the  English  words  that  describe  the 
docunent  are  printed  on  a  single  line.  The  asterisk  prefix  on  sone  words  has  been 
copied  Iron  the  ASTIA  abstract.  It  will  be  observed  that  the  three  search  words 
appear  in  every  responding  set  of  indexes.  It  should  be  especially  noted  that  the 
search  words  appear  in  different  positions  and  different  order  in  the  different 
resp<mdlng  docunents.  This  independence  of  order  of  the  search  words  and  the 
position  of  the  corresponding  descriptors  in  the  docunent  Indexes  is  an  important 
result  of  the  superimposed  coding  of  the  search  field. 

The  capability  of  the  MIRF  experimental  model  to  reduce  the  number  of 
responding  documents  as  the  search  question  is  made  more  specific  is  illustrated 
by  Pig.  32,  First  a  search  was  made  with  a  two  word  search  question  "infrared," 
"radiation."  Thirteen  documents  responded.  The  word  "atmosphere"  was  then  added 
to  the  original  words  of  the  search  question  and  a  second  search  was  made.  This 
time  only  three  document#  responded.  Finally  the  word  "sun"  was  added  to  the 
previous  descriptors  ukI  a  search  was  made.  This  time  a  single  document  reeponded 
to  the  search  question.  The  principal  illustrated  here  is  that  both  the  number  of 
responses  and  tbe  detailed  contents  of  the  reaponnee  to  a  general  question  oan  easily 
be  found.  Scanning  the  output  of  a  general  question  reveals  inmediately  descriptive 
words  that  can  be  added  to  tbe  question  to  rnttrtet  thd  rndfOMM  to  tlw  oion  of 
direct  interest.  Of  course,  more  than  one  word  could  be  added  to  the  vrigiml  set 
of  words  at  a  tins. 

Figure  S3  illustrates  the  capability  of  the  osperiswutal  mndel  to 
handle  synonomous  input  descriptors.  In  tbe  first  «nu»ple  tbe  two  words,  "oorebrum" 
and  "physiology"  are  ohoaen  for  tbe  search  question,  la  tbs  responding  document  it 
will  be  observed  that  the  word  "eerebrum"  does  not  appear  but  that  tbe  word  "brain" 
does.  So  far  as  the  machine  is  oomesmed,  "eardrum"  and  "brain"  are  identical 
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Figure  35.  Exaaples  of  Synonym  Substitution 


descrlptrors.  To  verify  the  synonoaous  character  of  the  two  words,  the  search 
question  is  asked  again  with  the  words  '*braln, '"'physiology. ”  It  will  be  observed 
that  exactly  the  saae  docuaent  responds.  Pour  other  exaaples  are  given  in  Pig.  33. 

In  each  case  the  synonym  is  used  in  the  first  search  question.  Ibe  synonoaous 
descriptor  appears  in  the  responding  document  index  and  in  the  second  search  question. 

Figure  34  illustrates  the  capability  of  the  machine  to  make  a  special 
search  in  which  one  of  the  original  descriptors  is  replaced  by  its  see-also  reference. 
In  the  first  example  the  original  search  question  contained  the  words,  "membranes/' 
"thin,"  "polymers."  Ibe  blank  line  immediately  below  the  search  question  indicates 
that  there  was  no  response  to  this  three  word  question.  The  three  words  that  appear 
below  the  original  question  is  the  heading  for  the  machine  initiated  search.  Here 
the  word,  "films,"  has  been  substituted  as  a  see-also  reference  for  "membranes." 

(The  aaperMiid  symbols  indicate  that  five  possible  positions  in  the  original  search 
question  were  not  used.)  One  document  responds  to  the  new  search  questlMi.  The 
set  of  descriptors  shows  that  this  is  a  document  that  is  pertinent  and  mie  that 
would  have  been  missed  if  the  see~also  substitution  had  not  been  made.  In  the 
second  example  the  three  words,  "klystrons,"  "electron,"  and  "tubes,"  are  used  as 
the  search  question.  One  document  responds  to  the  manually  inserted  question.  The 
machine  then  automatically  substituted  the  word  "al^>lifiers"  for  "klystrons."  typed 
out  the  new  search  question,  "an^lif iers, "  "electron,"  "tubes."  sod  then  intiated  a 
new  search.  Six  documents  responded  and  three  of  them''’ 268.  290.  and  308 — are 
relevant  t^  the  original  question.  Ilua4>era  306  and  334  probably  would  not  be  of 
interest  and  Ito.  4S3  responded  to  the  manually  inserted  question.  These  exa^les 
illu.Htrate  that  the  capability  of  the  machine  to  modify  the  search  question  and 
to  initiate  a  new  search  is  aporerful  feature. 

The  capability  of  the  machine  to  modify  the  original  search  question 
by  taking  information  from  reapooding  documents  as  well  as  from  the  input  question 
illu«*rated  In  Pig.  3S.  Here  the  original  search  question  was  "attitude." 
‘learnirig.  ’  There  was  no  reaponse  to  these  two  words  and  the  anchiae  indicated  this 
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by  indexing  the  printout  sheet.  It  then  substituted  "psychology"  ss  the  see-also 
reference  for  "attitude"  and  typed  out  the  new  search  question  which  includes  the 
words,  "psychology,"  "learning."  A  new  search  was  initiated  and  two  docuaents  were 
found.  Doth  of  these  are  relevant  to  the  original  search  question.  After  the 
search  based  on  "psychology"  and  "learning"  was  finished,  the  machine  tested  to 
see  if  any  of  the  responding  documents  contained  a  word  with  an  asterisk  prefix. 
Document  961  contains  the  word  "behavior."  The  machine  then  substituted  "behavior" 
for  "attitude"  and  initiated  another  search  -  this  time  based  on  the  words, 
"behavior"  and  "learning."  Twelve  doctiments  responded  to  this  new  question.  All 
of  them  are  pertinent  in  a  general  way  to  the  original  questicm  and  it  would  be 
easy  for  the  searcher  to  select  the  ones  of  particular  interest  to  him. 

(3)  False  Response  Performance 

In  the  experimental  HIRF  equipment  document  searches  are  made  using 
* 

the  superiiqjosed  code  technique  .  Because  of  ambiguities  in  the  superimposed 
coding,  accidental  retrievals  or  "false  drops"  are  occasionally  experienced. 
Specifically  a  false  drop  is  a  response  that  is  not  related  to  the  search  question. 
The  probability  of  obtaining  a  false  drop  during  a  search  is  a  complex  function  of 
the  detailed  characteristics  of  the  superimposed  coding  that  is  used.  With  a 
given  superimposed  code  field  length,  the  false  drop  probability  is  proportional 
to  the  number  of  descriptors  used  in  the  search  question,  decreasing  rapidly  as 
the  number  of  descriptors  is  Increased.  In  the  experimental  equipment  at  least 
two  descriptors  are  required  for  usable  false  drop  performance. 


*See  Technical  Report  RAOC  TR-Sl-ZSd,  "Multiple  Instantaneous  Response  File," 
by  Jack  Goldberg  and  others,  pp.  33-42  and  93-120 
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Since  the  false  drop  rate  la  a  probability,  considerable  use  of  the 
equlpaent  nust  be  aade  in  order  to  detenalne  the  false  drop  rate  statistically. 

Tine  available  during  the  checkout  phase  of  the  equipa^nt  did  not  pemit  a  coaplete 
study  of  the  false  drop  problem.  However,  the  following  generalizations  can  be 
made:  First,  no  false  responses  were  observed  with  search  questions  including  three 
or  more  words.  Second,  false  drops  were  seen  with  search  questions  of  two  words, 
but  the  rate  of  occurrence  appeared  to  be  small  enough  to  be  acceptable.  Third,  if 
cmly  one  word  is  used  in  the  search  question,  many  false  responses  are  obtained. 
Figure  36  illustrates  the  kind  of  responses  one  can  expect  if  a  single  word  is 
used  in  the  search  question.  Ibe  search  word  is  "apes."  The  first  four  documents 
that  respond  have  nothing  at  all  to  do  with^apes."  The  other  document  indexes 
that  are  printed  out  are  true  responses  (it  will  be  noticed  that  the  word  ’'primates’* 
appear  in  place  of  ’’apes."  Ibis  is  because  ’’apes"  is  a  synonym.)  The  machine 
further  made  a  see-also  special  search  on  the  word  ”Mn."  Here  will  be  observed 
that  the  first  response  is  a  false  drop  but  that  the  second  one  is  a  true  response. 

(4)  Indications  of  Errors  in  the  Printed  out  Responses 

The  equipment  has  been  designed  to  provide  a  clear  indication  of 
errors  in  the  typewritten  record  of  a  search.  One  type  of  error  Indication  is 
illustrated  in  Fig.  36.  It  will  be  observed  that  there  are  no  index  terms  follow* 
Ing  the  number  809.  The  absence  of  index  terms  indicates  that  a  parity  error  was 
found  when  the  coded  dorm  of  the  accession  number  809  was  tested. 

The  indication  for  an  error  in  a  descriptor  is  illustrated  in 
Fig.  35.  In  documents  number  89,  505,  510,  512  and  881  the  word  "test"  is  followed 
by  an  ampersand.  The  presence  of  the  ampersand  indicates  that  the  code  of  the  word 
generated  after  ’’test"  did  not  match  any  code  in  the  system  dictionary.  (For  this 
particular  case  it  is  known  that  the  word  represented  by  the  ampersand  is  "methods." 
Further  it  is  known  that  the  trouble  is  in  the  wiring  of  the  word  "methods"  in  the 
dictionary  MXRF  unit.) 
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4.  ConcltMlons  and  RecoMBendatlons 
A.  Ccmcluslons 

In  general  it  can  be  concluded  that  all  the  specif Icattona  set  down  for 
the  experlaental  Multiple  Instantaneous  Response  File  are  technically  feasible. 
Interrogation  of  the  aagnetic  storage  units  (MIRF's)  and  over-all  control  of  the 
systM  can  be  accoaplished  with  reliable  circuits  of  aodest  complexity.  Easy 
communication  between  a  human  operator  and  the  machine  has  been  demonstrated.  The 
machine's  response  to  a  search  question  is  essentially  instantaneous  in  terms  of 
human  reaction  time  and  the  information  content  of  the  response  is  sufficient  to 
allow  the  operator  to  modify  his  question  and  go  directly  to  the  document  indexes 
of  special  Interest.  It  can  be  concluded  that  certain  automatic  features  such 
as  the  handling  of  synonomous  input  descriptors  and  the  machine  modification  of 
the  original  search  question  can  be  achieved  without  undue  complexity. 

Several  preliminary  conclusions  can  be  drawn  from  the  machine  performance 
observed  during  the  check-out  of  the  experimental  model.  It  appears  that  the  auto¬ 
matic  substitution  of  the  see-also  reference  of  an  input  descriptor  is  a  useful 
feature]  but  that  the  modification  of  the  original  search  question  by  taking 
wciCbted  descriptors  trm  responding  docvnents  appeers  to  be  less  useful.  In  aany  cases 
the  combination  of  the  asterisked  descriptor  with  the  original  search  terms  gives 
a  question  with  no  responses.  An  examination  of  how  to  select  descriptors  from 
responding  documents  is  needed  in  order  to  make  this  feature  more  useful.  The 
capability  of  the  experimental  MIRF  equipment  to  accept  synonomous  input  descriptors 
also  appears  to  be  an  important  feature.  Another  interesting  feature,  which  is 
not  included  in  the  present  model,  could  be  designed  into  future  equipment.  This 
would  enable  the  machine  to  retrieve  document  indexes  in  which  the  form  of  the 
descriptor  was  somewhat  different  from  that  of  the  input  (search)  descriptor.  The 
descriptors  would  be  required  to  have  the  same  root  and  meaning,  but  different 
word  endings  would  be  allowed. 
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Positive  conclusions  can  be  reached  In  regard  to  three  of  the  aost 
Important  properties  of  a  file  searching  system  of  this  type.  First,  It  Is 
concluded  that  searching  by  means  of  a  superimposed  code  Is  feasible  both  from 
the  standpoint  of  the  circuits  required  and  the  fals's^  response  performance  that 
Is  obtained.  Second,  It  Is  concluded  that  storage  of  the  document  Index  Informa¬ 
tion  In  wiring  associated  with  arrays  of  cores  that  are  physically  separable  Is 
feasible.  Experience  with  the  experimental  model  shows  that  the  arrays  of  cores 
can  be  separated,  submodules  of  wired  Information  csn  be  changed,  and  the  core 
arrays  reassembled  In  a  reasonably  short  time.  More  work  on  the  mechanical  design 
of  the  magnetic  nodules  Is  needed,  however,  to  permit  easier  and  faster  changing 
of  the  stored  information.  Third,  It  Is  concluded  that  a  basic  system  building 
block  has  been  established.  The  experlSKental  model  as  delivered  to  the  spcmsor 
demonstrates  that  good  performance  can  be  obtained  with  a  file  of  more  than  1,000 
document  Indexes.  Experience  with  the  experimental  model  Indicates  that  expanalon 
to  five  or  six  thousand  dorjment  indexes  can  be  achieved.  It  appears  that  with 
the  present  design  the  syf^tem  building  block  should  contain  about  5,000  docuaent 
Indexes.  It  also  appears  that  as  many  as  ten  such  building  blocks  could  be  combined 
In  a  r.ystem  whose  over  -all  control  Is  little  more  complex  than  that  for  a  single 
building  block.  Therefore  It  is  concluded  that  files  of  the  order  of  50,000 
Indexes  could  be  built  with  no  major  changes  In  the  basic  concepts  or  circuits 
used  In  the  experimental  model. 

B.  Recommendations 

A  program  should  be  Initiated  for  applying  the  principles  demonstrated 
In  the  experimental  model  to  a  substantially  larger  system.  Special  attention 
should  be  given  to  the  method  of  real Icing  Information  storage  In  the  form  of 
wires  associated  with  the  Mgiistle  cores.  The  method  selected  should  lead  Itaelf 
to  automatl<»  so  that  the  complete  process  of  preparing  stored  Infometlon  can 


be  machine  controlled 


A  study  of  th«  further  spplicetloii  of  the  Multiple  Instantaneous  Response 
Pile  concept  should  be  Initiated.  In  the  field  of  docunent  retrieval,  the  effect 
of  r^oving  1  ini  tat  ions  on  word  length  and  the  nunber  and  nature  of  the  descriptors 
used  in  docunent  indexes  could  be  Investigated.  The  use  of  phrases  of  two  or 
nore  words  as  search  entities  Ml^it  also  be  exaulnsd.  Tht  appllcntion  of  the  NUV 
principles  to  code  and  language  translation  and  other  search  type  operations  that 
require  rapid  feedback  should  be  studied.  More  generalised  search  probleas,  such 
as  pattern  recognition,  should  be  included.  Applications  that  aake  use  of  the 
Inherent  speed  of  the  search  equlpaent  should  be  investigated.  (In  the  experiaental 
■odel,  the  typewriter  is  by  far  the  slowest  part  of  the  systea).  For  esaaple,  the 
docuaent  inforaation  storage  and  the  search  facilities  of  the  equipaent  could  be 
shared  by  aultiple  user  consoles.  By  tiae  aultiplexlng  techniques,  aany  users 
could  be  given  effectively  private  use  of  the  aachine.  Applications  in  which  the 
huaan  operator  is  not  a  key  figure  should  also  be  exaained.  The  internal  speed 
of  the  equipaent  aakes  feasible  the  use  of  digital  coaputers  or  other  coaputer- 
like  aachines  as  input<-output  devices. 

Mew  developaents  in  superiaposed  coding  should  be  Investigated  as  a 
aeans  of  iaproving  the  efficiency  of  the  searching  operation.  Recwit  work  has 
shown  that  it  is  possible  to  design  superiaposed  codes  which  can  be  decoaposed  to 
give  the  unique  set  of  coap<mentf  of  the  superposition.  Besides  being  uniquely 
decipherable,  such  superiaposed  codes  also  offer  the  possibility  of  retrievals 
with  no  false  responses.  With  the  new  codes  it  aay  lie  possible  to  retain  the 
advantages  of  superiaposed  coding  (for  eacaaple,  freedoa  froa  the  field  indeteraiaaey 
problsB)  without  tuffarlog  fixa  tba  ordinary  disadvaataMta  of  anparlMpoaad  coding 
(for  axaapla,  a  fiaita  falsa  raspooaa  pliability) .  A  alaplar  ovar<«U  dasiga 
of  the  aystaa  aay  also  ba  possibla  using  tha  nawar  supariaposad  codas. 
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ORIATOIG  nSTSDCTXOIIS  101  THE  AK/OSQ  •  8l  OOCmiRT  MTA  IXmiMO  SIT 

A.  MBChliM  Turn-on 

(1)  AC  Povor  Turn-on.  AC  povnr  In  nppllnd  to  thn  nachlne  by  throvlnc  tho 
AC  povor  svitch  to  CM.  Thin  nviteh  In  locntnd  on  tho  tnblo  lovol  control  surfaco 
Innodlntoly  nt  tho  loft  of  tho  Input/output  typovrltor.  Aftor  tho  AC  povor  hnn 
boon  turn  on,  nn  nutonnttc  noquonco  turns  on  tho  DC  rolta(on  In  tho  nnchlno  in 
tho  pr<9or  ordor.  Aftor  about  10  nocondn  tho  light  ansociatod  vlth  tho  AC  povor 
nvltch  vlll  cono  on  to  i'^dicato  that  all  DC  voltagon  havo  roaehod  tholr  oporating 
lovoln. 

(2)  Typovrltor  Tum-on.  Tho  typovrltor  nhould  bo  tumod  on  by  throving 
tho  on/fM  nvltch  vhich  In  looatod  la  tho  lovnr  right  portion  of  tho  koyboard 
nurfaco  to  OH. 

(3)  llantor  Cloarlng.  Aftor  tho  AC  povor  indicator  haa  conn  on,  tho  naator 
cloar  button  loeatod  Innndiatoly  to  tho  right  of  tho  AC  povor  nvltch  nhould  bo 
dopronnod.  Oporation  of  thin  switch  notn  all  control  flip-flops  la  tho  aachlno 
to  tholr  Initial  statoo  and  tuma  on  tho  ayatnn  nynchrcnlalng  clock. 

B.  Typing  a  Boadlng 

Aftor  turning  on  tho  AC  povor  and  tho  typovrltor  aad  Initial  cloarlng,  tho 
typovrltor  la  roady  for  uno.  At  thin  tint  tho  typovrltor  output  la  not  eonnoctod 
to  tho  mat  of  tho  ayatan,  and  tho  typamltor  any  ho  uood  la  tho  ordinary  vay. 
Infomatlon  such  aa  tho  projoct  auahor,  tho  dato,  tho  aaaa  of  tho  ooorehor,  otc. 
any  bo  typed  out  as  a  handing.  All  nachiaa  funotloaa  any  bo  usod,  lacludlag 
baek-apaco,  shift,  carrlago  mtum,  ladanlag,  otc.  The  hooding  any  bo  as  long 
aa  doolrod.  At  tho  aad  of  tho  hoadlag  tho  typawritor  should  ho  carriago  mturaad. 

C.  Bntoring  tho  Soareh  guoation 

Aftor  typiiw  of  tha  handing  haa  boon  oo^^otod,  tho  output  of  tho  typovrltor 
ia  ccnMctod  to  tho  lat«rnnl  logic  of  tho  ayatoa  by  proas ing  tho  start  data  input 


•witch.  A  green  light  Inaediately  above  this  switch  will  cone  on  to  indicate  that 
the  nachine  is  ready  to  accept  search  question  data.  A  search  question  ccmslsts 
of  a  ttu^r  of  English  words  which  describe  the  content  of  the  docunent  of  interest. 
These  English  words  are  t)rped  (me  after  another  with  a  punctuation  nark  after  each 
one.  Ifomally  words  are  separated  by  coanais  and  the  last  word  is  followed  by  a 
period.  If  the  search  question  includes  a  two-word  phrase,  a  space  is  used 
following  the  first  word  of  the  phrase.  At  least  two  and  at  nost  eight  words  nay 
be  used  in  a  search  question. 

The  logic  of  the  nachine  autonaiically  checks  the  input  words  to  nake  sure 
that  they  are  included  in  the  vocabulary  of  the  systen.  If  a  word  that  is  typed 
in  is  not  in  the  vocabulary  or  if  it  is  nlsspolled,  the  nachine  will  indicate 
that  the  word  is  not  a  valid  descriptor  by  lighting  a  light  cm  the  display  panel. 

At  the  sane  tine  the  typewriter  keyboard  is  locked.  To  clear  the  effect  of  an 
Invalid  descriptor,  the  unlock  keyboard  switch  should  be  depressed.  It  should 
be  noted  that  the  use  of  this  switch  to  unlock  the  keyboard  affects  <»ly  the  word 
that  was  in  error.  For  exaaple,  if  three  valid  descriptors  have  been  typed  in 
and  an  error  had  been  aade  in  the  fourth,  then  unlocking  the  keyboard  would  not 
affect  in  any  way  the  three  valid  descriptors. 

D.  Starting  the  Search 

After  the  words  of  the  search  question  have  been  typed  and  have  been  checked 
to  nake  sure  that  the  set  of  words  is  conplete,  the  search  is  initiated  by  oper¬ 
ating  the  carriage  return  of  the  typewriter.  Proa  the  tine  that  the  carriage 
return  operates  until  the  typing  out  of  responding  docunents  has  been  cospleted, 
the  keyboard  is  locked.  After  the  search  has  beea  started,  the  operation  of  the 
systen  is  conpletely  autonatie.  The  first  thing  that  the  operator  should  observe 
is  the  nunber  of  reepondlng  docunents.  If  there  are  no  docunent  iirdenes  in  the 
file  ttet  natch  the  search  question,  the  no  response  light  will  cons  on  and  the 
nnohine  will  stop.  If  there  is  at  least  one  docunent  iaden  that  natches  the 


search  question,  the  machine  will  count  the  number  of  responses  and  displuy  them 


on  the  numeric  Indicator.  The  machine  will  then  Immediately  begin  to  type  out 
the  coatplete  Index  of  each  responding  document,  starting  with  the  one  having  the 
lowest  accession  number. 

If  the  number  of  responding  documents  that  Is  displayed  on  the  numeric 
indicator  Is  very  large,  the  operator  may  desire  to  stop  the  typing  out  of  docu¬ 
ment  Indexes  before  the  entire  list  has  been  co^ileted.  The  typewriter  can  be 
stopped  at  any  time  by  pressing  the  master  clear  button.  Usually  it  Is  most 
desirable  to  stop  the  typing  after  a  complete  Index  has  bCMtn  typed  out  and  the 
typewriter  has  carriage  returned. 

This  docuaient  data  Indexing  set  has  designed  Into  It  several  automatic 
features  that  provide  for  a  machine  modification  of  the  original  search  question 
and  the  machine  Initiation  of  new  searches.  It  will  be  observed  that  in  some 
cases,  the  machine  will  type  a  new  heading  after  the  search  based  on  the  original 
Input  descriptors  have  been  caaq>leted.  The  machine  will  then  go  ahead  and  search 
and  type  responding  documents  for  the  second  search.  As  mmny  as  three  mtachlne 
Initiated  searches  can  take  place  after  ihe  original  search  has  been  completed. 

The  Indicator  light  marked  "locked  in  typing  mode"  normally  comes  on  while 
the  typewriter  is  typing  out  responses  to  a  search  question.  If  this  light  stays 
on  after  the  typewriter  stops  typing,  a  lock-up  in  the  typewriter  circuit  is 
indicated.  This  condition  should  be  cleared  by  pressing  the  release  button  which 
is  located  directly  beneath  the  "locked  In  typing  mode"  Indicator.  The  typewriter 
must  not  be  used  until  a  lock  up  condition  of  this  kind  has  been  cleared.  If  by 
accident  the  typewriter  Is  used,  the  machine  may  behave  abnormally.  For  oxample, 
the  typewriter  may  begin  to  index  and  feed  p^er.  In  this  case,  both  the  msster 
clear  and  the  release  swi'chea  should  be  pressed. 

E.  Machine  Turn-off 

In  order  to  turn  off  the  machine  both  the  GN/OFF  switch  on  the  typewriter  and 


th6  the  AC  paver  evltch  should  be  thrown  to  the  off  position.  It  is  iaportant 
to  check  the  condition  of  the  typewriter  GM/OFF  switch  to  wske  sure  that  it  is 
off  because  the  typewritei  power  is  supplied  directly  and  not  through  the  control 
of  the  AC  power  for  the  rest  of  the  systen. 
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LOGICAL  DESIGN  OP  THE  AN/GSQ  -  8l  DOCUMENT  DATA  INDEXING  SET 
A.  Ent«rlng  the  Search  Queetion 

The  circuits  used  In  entering  s  search  question  Into  the  MIRF  systea  Include 
sn  electric  typewriter,  sn  Input/output  register,  end  sn  alphabetic  descriptor 
register.  The  function  of  these  circuits  Is  to  store  sn  English  word  that  Is 
typed  In  as  part  of  the  search  question  In  the  alphabetic  descriptor  register  In 
binary  coded  fom.  As  an  exanple,  consider  how  the  word  "circuit"  is  entered  Into 
the  register.  When  the  first  letter  Is  typed,  a  slx-blt  code  Is  transferred  to 
the  Input/output  register.  The  contents  of  the  register  are  tested  to  see  if  (he 
code  Is  that  of  an  alphabetic  character.  Because  It  Is,  the  6-blt  code  Is  con¬ 
verted  to  a  5-blt  code  which  Is  then  gated  to  rlght-aost  portion  of  the  alphabetic 
descriptor  register.  The  code  of  the  second  letter  Is  transferred  to  the  Input/ 
output  register,  tested,  and  converted  to  a  S-blt  code.  After  the  contents  of  the 
alphabetic  descriptor  register  are  shifted  5  places  to  the  loft  the  code  of  the 
second  letter  Is  gated  to  the  register.  This  procedure  continues  until  the  last 
letter,  t,  has  been  received  and  stored  In  the  alphabetic  descriptor  register. 

The  next  output  fron  the  typewriter  Is  either  a  space  or  a  covaa.  The  special 
character  detector  associated  with  the  input/ output  register  detects  the  fact 
that  this  Is  not  an  alphabetic  code  and  inhibits  the  gating  of  this  code  into  the 
register.  Instead  of  gating,  a  signal  la  given  which  csuses  the  contents  of  the 
alphabetic  descriptor  register  to  be  shifted  to  the  left  until  the  first  bit  of 
the  first  alphabetic  code  la  in  the  left-(K>st  position  of  the  register.  A  signal 
IS  also  generated  at  this  tins  to  initiate  a  sequence  which  tests  to  find  If  the 
English  word  Just  typed  la  is  actually  contained  In  the  systen  dictionary.  For 
this  snasfile,  a  word  which  contains  less  than  10  letters  was  rhosen.  If  the  Input 
word  conta'  '  easctly  10  chameters,  the  alphabetic  deecriptor  register  is 
coapletely  filled  by  the  alphabetic  code.  When  the  space  or  cceaa  is  detected. 


the  ntep  Tor  shifting  the  register  would  be  omitted. 

Another  function  of  the  special  character  detectors  should  be  pointed  out 
at  this  time.  After  all  the  descriptive  words  of  an  input  search  question  have 
been  typed,  the  operator  causes  the  typewriter  to  carriage  return.  The  presence 
of  the  code  for  carriage  return  is  detected  in  the  In/out  register  and  a  signal 
is  generated  to  cause  the  beginning  of  the  search  for  documents  responding  to 
the  search  question. 

B.  Generating  the  Search  Code 

The  first  operation  in  generating  the  search  code  is  testing  the  validity  of 
the  input  descriptor.  The  contents  of  the  alphabetic  descriptor  register  are 
gated  to  the  dictionary  MIRF  and  the  output  of  the  discriminating  amplifier  associ¬ 
ated  with  the  dictionary  MIRF  is  examined.  If  a  match  indication  is  found,  a  new 
sequence  is  initiated.  If  a  mismatch  is  found,  a  control  flip-flop  is  set,  an 
invalid  descriptor  light  is  turned  on  and  the  typewriter  keyboard  is  locked.  In 
this  case  the  keyboard  must  be  unlocked  before  a  new  descriptor  can  be  entered. 

If  the  input  descriptor  is  valid,  a  new  sequence  is  begun  which  uses  the 
alphabetic  descriptor  register,  the  serial  number  register,  and  the  serial  number 
counter.  The  purpose  of  this  sequence  is  to  generate  in  the  serial  number  register 
the  13-bit  binary  serial  number  of  the  descriptor  whose  alphabetic  code  is  stored 
in  the  alphabetic  descriptor  register.  This  is  done  by  a  sequence  which  is 
similar  to  that  used  in  determining  whether  or  not  the  input  descriptor  was  valid. 
First  the  parity  bit  of  the  serial  number  is  tested.  In  this  test  the  value  of 
the  parity  bit  is  assumed  to  be  1.  If  the  result  of  the  test  is  true,  then  the 
parity  bit  actually  is  1.  However,  if  the  test  is  false,  then  the  parity  bit  was 
0.  At  the  beginning  of  the  sequence,  the  serial  number  register  is  cleared  to 
all  one's  and  the  serial  number  counter  is  set  so  that  the  output  of  the  decoder 
that  corresponds  to  the  parity  bit  is  energized.  Then  the  alphabetic  descriptor 
register  and  the  serial  number  decoder  are  gated  to  the  dictionary  MIRF.  The 
output  of  the  dictionary  match  detector  is  examined  and  if  a  mismatch  is  Indicated, 
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the  left-most  bit  of  the  serial  number  register  is  changed  to  a  zero.  If  a 
match  is  indicated,  no  change  is  made.  Then  the  serial  number  register  is 
shifted  one  place  to  the  right.  At  the  end  of  13  such  cycles  the  serial  nui^er 
register  will  hold  the  13-bit  nusiber  of  the  input  descriptor.  The  parity  of  the 
number  in  the  serial  number  register  is  checked  and  if  it  Is  correct,  the  sequence 
for  generating  the  search  code  Is  started.  If  the  parity  is  incorrect,  a  control 
flip-flop  is  set,  the  keyboard  is  locked  and  a  parity  error  light  is  turned  on. 

The  search  code  of  an  input  descriptor  consists  of  5  one's  uniformly  distri¬ 
buted  in  a  field  of  80  bits.  The  search  code  is  generated  from  the  13-bit  serial 
number  of  a  descriptor.  Actually  the  parity  bit  is  not  used  and  the  remaining 
12  bits  are  broken  into  three  4-bit  sections.  First  the  right-most  four  bits 
in  the  serial  number  register,  not  counting  the  parity  bit,  are  gated  to  the 
search  code  generator.  The  four  bit  number  is  decoded  to  one  out  of  sixteen 
leads  energized  and  the  decoder  output  is  gated  to  the  right-most  16  positions 
of  the  search  code  acciunulator.  Next,  the  serial  number  register  is  shifted 
four  places  to  the  right,  again  four  bits  are  gated  to  the  search  code  generator. 
After  the  search  code  accumulator  has  been  shifted  16  places  to  the  left,  the 
decoded  output  of  the  search  code  generator  is  gated  to  the  acc\uBulator.  The 
serial  number  register  is  again  shifted  to  the  right  and  the  third  four  bit 
portion  of  the  serial  number  is  used  to  get  the  third  portion  of  the  search  code. 
The  fourth  and  fifth  portion  of  the  search  code  are  obtained  by  performing  certain 
logical  operations  on  portions  of  the  serial  number.  At  the  end  of  this  sequence, 
the  search  code  of  the  descriptor  wb.ch  is  stored  in  the  alphabetic  descriptor 
register  is  stored  in  its  proper  position  in  the  search  code  accumulator.  The 
same  procedure  is  used  for  generating  and  transferring  the  search  code  of  the 
next  input  descriptor  to  the  search  code  accumulator.  The  second  and  subsequent 
search  codes  are  supering)Osed  upon  the  first  one  stored  in  the  search  code 


accumulator,  thus  generating  a  superimposed  search  code  for  the  input  question. 

C.  Starting  the  Document  Search 

After  all  words  of  an  input  question  have  been  typed,  the  operator  causes 
the  typewriter  to  carriage  return.  This  action  is  Interpreted  as  the  signal  for 
beginning  the  actual  search.  First  a  test  is  made  to  see  if  any  document  in  the 
file  includes  the  search  question.  This  is  done  by  gating  the  contents  of  the 
search  code  accumulator  to  the  document  MIRF  and  observing  the  output  of  the 
document  match  detector.  A  match  output  indicates  that  one  or  more  documents 
have  responded  to  the  search  question.  In  this  case  a  sequence  is  started  for 
generating  the  unique  accession  numbers  of  the  responding  documents.  If  the 
match  detector  output  indicates  a  mismatch,  then  the  search  procedure  is  terminated 
and  a  light  is  turned  on  to  indicate  that  there  was  no  response  to  the  search  question 

D.  Generating  a  Unique  Document  Accession  Number 

a 

The  procedure  for  generating  a  unique  document  accession  number  is  similar 
to  that  used  in  generating  the  serial  number  of  an  input  descriptor.  However, 
the  generation  of  an  accession  number  requires  a  two-phase  operation,  one  phase 
being  called  a  Mode-A  search,  and  the  other  a  Mode-B  search. 

(1)  Mode-A 

At  the  start  of  any  Mode-A  sequence  there  will  be  a  continuous  string 

of  X  (don't  care)  symbols  in  the  accession  number  register  extending  from  the 

least  significant  digit  to  some  higher  order  digit.  For  example,  the  number 

d  d  XXXX,  represents  the  range  of  numbers  from  d  d  0000  to  d.d.llll  where  d,  and 
D  4  d  4  D  4  D 

and  d^  were  obtained  by  a  previous  Mode-B  search.  On  the  first  test  of  a  search, 

all  digits  will  be  X.  Mode-A  proceeds  by  setting  the  X  digits  to  zero  ,  one  at 

a  time,  starting  from  the  most-significant  X  digit  and  testing  the  file  (including 

the  search  code  accumulator).  If  the  file  response  is  positive,  the  trial  zero 

is  preserved  in  the  next  pattern;  if  it  Is  negative,  the  trial  zero  is  changed  to 

one,  e.g.  if  d.d.OXXX  falls,  the  next  test  pattern  is  d.d.lOXX.  When  all  X's 
5  4  5  4 

♦  ^ 

'^c*e  E.  H.  Frei  and  J.  Goldberg,  "A  Method  of  Resolving  Multiple  Responses  in  a 
Parallel  Search  File",  IRE  Trans,  on  Electronic  Computers,  Vol .  EC-10, 
pp.  718-722,  December,  1961.  . 


have  been  renoved,  by  shifting  the  inhibit  number  register  to  the  right  one  digit 
at  a  time,  the  resulting  number  is  that  of  the  1 owes t-numbe red  responding  item 
in  the  given  niimber  range.  Subsequent  testing  proceeds  in  llode-B. 

(2)  Mode-B 

Mode-B  starts  with  a  coBq>lete  number  which  contains  no  X  symbols,  i.e. 
the  inhibit  number  register  is  completely  reset.  In  successive  steps,  it  estab¬ 
lishes  continually  lengthening  strings  of  X  symbols,  starting  with  the  least- 
significant  digit  and  extending  to  some  higher  order  digit.  Each  string  is 
headed  by  a  one  symbol.  On  the  first  test  of  a  B  sequence,  if  the  least-signifi¬ 
cant  digit  is  a  zero,  it  is  changed  to  a  one,  and  the  resultant  pattern  is  tested. 
This  number  may  be  accepted  as  a  new  responding  item.  Whether  or  not  it  is 
accepted,  subsequent  testing  proceeds  in  the  B  lk>de.  The  next  test  pattern  is 
established  by  changing  the  least-significant  zero  digit  to  one,  and  all  lower 
digits  to  X.  For  exa]^>le,  101001  is  followed  by  lOlOlX,  OOllXX  is  followed  by 
OIXXXX,  etc.  Instances  where  a  digit  is  already  a  zero  do  not  require  a  test 
of  the  file. 

If  a  new  B  pattern  is  accepted,  a  range  of  numbers  containing  one  or 
more  new  responding  items  has  been  found,  and  the  testing  changes  to  Mode-A.  If 
no  new  B  pattern  is  accepted,  i.e.  if  ultimately  IXXXXX  is  rejected,  the  search 
is  ended. 

E.  Generating  and  Typing  Data  from  the  Responding  Documents 

After  the  accession  number  of  a  particular  document  has  been  generated,  the 
accession  number  aid  the  English  word  descriptors  of  that  document  are  printed 
out  on  hard  copy.  The  accession  number  is  handled  by  gating  the  four  left-most 
positions  of  the  accession  number  register  (which  contain  the  BCD  code  of  one 
digit)  to  the  input/output  register.  A  code  conversion  is  performed  to  change 
the  4-blt  code  into  the  8-bit  code  required  as  a  typewriter  input  and  the  digit 
is  typed.  The  accession  number  register  is  shifted  four  places  to  the  left  and 
the  above  procedure  is  repeated  to  get  the  second  digit.  This  is  done  until  all 
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four  digits  of  the  accession  nuaber  have  been  printed.  Next,  the  serial  numbers 
of  the  descriptors  of  the  docunent  are  generated  by  Interrogating  the  document 
MIRF.  Hie  word  selector  Is  set  to  the  position  of  the  dociunent  MIRF  which 
corresponds  to  the  first  descriptor  to  be  printed  out.  The  serial  number  counter 
Is  set  so  that  the  decoded  output  lead  that  corresponds  to  the  parity  bit  of  the 
serial  number  Is  energized.  Then  the  accession  number  register  and  the  decoded 
output  of  the  serial  number  counter  are  gated  to  the  document  MIRF.  The  output 
of  the  document  match  detector  Is  gated  to  the  left-most  position  of  the  serial 
number  register.  The  serial  number  register  Is  shifted  one  place  to  the  right, 
and  the  serial  number  counter  Is  advanced  one.  Then  the  accession  number  register 
and  the  decoded  coimter  are  again  gated  to  the  MIRF.  This  procedure  continues  for 
13  cycles  and  at  the  end  of  this  time  the  serial  number  of  the  first  descriptor 
Is  stored  In  the  serial  number  register.  The  next  step  Is  to  translate  the 
serial  number  of  the  English  word  Into  alphabetic  code  that  can  be  used  to 
operate  the  typewriter.  This  Is  done  by  gating  the  entire  contents  of  the  serial 
number  register  to  the  dictionary  MIRF  along  with  one  bit  of  the  alphabetic 
descriptor  register.  At  each  gating  to  the  MIRF  the  dictionary  natch  detector 
is  gated  to  the  Input/output  register  and  after  five  cycles  the  flve-blt  code 
of  one  alphabetic  character  Is  stored  In  that  register.  After  the  character  has 
been  printed  the  generation  of  the  next  alphabetic  letter  Is  started.  This 
continues  until  all  letters  of  the  first  descriptor  have  been  generated  and 
printed  and  then  the  word  selector  Is  set  to  the  second  word.  The  13  bit  serial 
number  of  the  second  descriptor  Is  then  generated  and  following  this  the  alpha¬ 
betic  codes  of  the  English  letters  of  that  descriptor  are  generated  and  printed. 
This  procedure  continues  until  all  of  the  descriptors  associated  with  a  particular 
document  have  been  printed  out.  Then  the  test  Is  made  to  see  if  there  are  other 
responding  documents.  If  so,  the  accession  number  of  the  next  responding  document 
Is  generated.  If  not,  the  special  machine  initiated  searches  are  started. 
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See  Also  Special  Search 


In  the  see  also  special  search,  a  new  search  question  Is  generated  by 
replacing  one  of  the  descriptors  of  the  original  search  question  by  Its  see  also 
reference.  In  order  to  accoiiq>llsh'  this,  a  Beans  for  storing  ail  ui  the  inpui 
descriptors  must  be  provided.  Also,  the  serial  number  of  the  see  also  reference 
must  be  generated  and  stored.  In  this  Indexing  set,  these  functions  are  accoB- 
pllshed  as  follows; 

After  the  test  has  been  made  on  the  Input  descriptor  and  It  has  been  found 
to  be  valid,  a  test  Is  made  to  see  If  there  Is  a  see  also  reference  associated 
with  that  descriptor.  This  Is  done  by  gating  the  contents  of  the  alphabetic 
descriptor  register  to  the  MIRF  at  the  same  time  that  a  see  also  test  bit  Is 
gated  to  the  IflRF.  The  output  of  the  dictionary  match  detector  Is  examined  to 
determine  the  presence  of  a  see  also  reference.  If  there  Is  a  reference,  the 
serial  number  of  the  see  also  reference  Is  generated  bit  by  bit  as  explained 
before  and  Is  stored  In  the  serial  number  register.  If  Its  parity  Is  correct, 
the  13-blt  number  is  transferred  from  the  serial  number  register  to  a  slot  In  a 
core  memory  register.  Then  the  serial  number  register  Is  cleared  and  the  serial 
number  of  the  manually  Inserted  descriptor  Is  developed.  If  its  parity  Is  correct 
it  Is  transferred  to  a  different  position  In  the  core  memory.  Then  the  search 
code  of  the  manually  Inserted  descriptor  Is  generated  as  described  In  a  previous 
paragraph.  Actually  only  one  see  also  reference  serial  number  Is  stored  In  the 
core  memory,  namely  the  first  one  that  Is  detected.  When  a  see  also  reference  Is 
found,  a  control  flip-flop  Is  set  to  record  this  fact. 

When  the  search  based  on  the  manually  Inserted  descriptors  has  been  completed, 
a  test  Is  made  to  see  If  the  see  also  reference  flip-flop  has  been  set.  If  so, 
the  search  accumulator  Is  cleared  and  a  seqtence  is  initiated  to  generate  the  new 
search  question.  To  do  this  the  magnetic  core  SMUory  Is  examined.  If  there  is  a 
see  also  reference  serial  number  stored  in  the  first  slot  of  the  memory,  it  Is 
transferred  to  the  serial  number  register.  Then  the  search  code  of  this  serial 
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ninibcr  la  Kmaratad  and  tranafarrad  to  tha  aaarch  coda  accuaulator.  If  tha  flrat 
alot  In  tha  cora  aaaory  doaa  not  contain  a  aaa  alao  rafaranca,  tha  aarial  nunbar 
of  tha  flrat  aanually  Inaartad  daacriptor  la  tranafarrad  fron  tha  cora  nanory 
to  tha  aarial  atudwr  raglatar  and  Ita  aaarch  coda  la  ganaratad.  lach  nMMry  alot 
la  axaalnad  In  thla  way  and  althar  tha  aarial  nvmbmr  of  a  aaa  alao  rafaranca  or  of 
a  nanually  Inaartad  daacriptor  la  tranafarrad  to  a  aarial  nunbar  raglatar  and  a 
aaarch  coda  la  ganaratad.  In  thla  way  a  naw  aaarch  quaatlon  la  davalopad.  Whan 
tha  laat  poaltlon  of  tha  cora  nanory  haa  baan  taatad»  a  algnal  corraapondlng  to 
tha  carrlaga  ratum  of  tha  operator  la  davalopad  and  a  aaarch  aaquenca  with  the 
naw  aaarch  quaatlon  la  begun. 

In  order  to  nark  tha  beginning  of  tha  printout  of  a  aaa  alao  apaclal  aaarch 
on  tha  typawrlttan  hard  copy,  a  aaa  alao  handing  la  printed.  For  each  aarial 
nunbar  that  la  tranafarrad  to  tha  aarial  nunbar  raglatar,  tha  alphabetic  codaa 
are  ganaratad  by  tha  MIRF  Interrogation  aaquenca  and  tha  alphabetic  lattara  are 
typed  out.  All  Engllah  word  daacrlptora  aiq^aar  on  one  line,  Tha  Internally 
generated  algnal  which  atarta  tha  aaa  alao  apaclal  aaarch  alao  coananda  the 
typewriter  to  carrlaga  ratum. 

G.  Aatarlak  Special  Search 

In  tha  aatarlak  apaclal  aaarch  a  naw  aaarch  quaatlon  la  g<maratad  by  ualng  a 
daacriptor  that  haa  baan  obtained  fron  one  of  tha  raapondlng  docunanta.  Thla 
daacriptor  nuat  be  different  fron  any  daacriptor  uaad  In  tha  annually  Inaartad 
aaarch  quaatlon  and  It  la  added  to  tha  aacond  and  third  daacrlptora  of  tha  original 
aaarch  In  order  to  gat  tha  naw  aaarch  quaatlon. 

Each  daacriptor  aerial  nuadwr  atorad  In  tha  doeunant  Mlir  has  a  apaclal  bit 
poaltlon  that  la  uaad  to  Indicate  whether  tha  daacriptor  la  narkod  by  an  aatarlak. 
After  tha  aarial  nunbar  of  a  daacriptor  of  a  raapondlng  doeunant  haa  been  ganaratad 
and  atorad  In  the  aarial  nunbar  raglatar,  a  teat  la  aada  to  aaa  If  tha  aatarlak 
bit  la  a  one  (l.a.,  tha  daacriptor  la  narked  by  an  aatarlak).  If  It  la,  the 


cootMit*  of  th«  terial  nuabar  raglstar  and  tba  alot  of  the  core  aeaory  that 
ccmtalna  the  first  Manually  inserted  descriptor  are  fed  to  a  coaparator  and  are 
coap*^  bit  by  bit.  A  perfect  aatch  aeans  that  the  descriptor  obtained  from  the 
respcmdlng  docuaent  is  exactly  the  saae  «•«  the  first  aanually  inserted  descriptor. 

If  there  is  a  aatch«  the  serial  nuaid>er  In  the  serial  nuaber  register  is  discarded 
BO  far  as  the  special  astarlsk  search  is  concerned.  A  aisaatch  during  the 
cM9>arison  aeans  that  the  descriptor  froa  the  responding  docuaent  is  not  the 
saae  as  the  first  annually  Inserted  descriptor.  However,  it  any  be  the  saae  as 
the  second,  third  or  other  of  the  annually  inserted  descriptors.  Therefore  the 
c<mtents  of  the  serial  nuaber  register  are  coapnred  with  the  contents  of  the 
second,  third  and  other  slots  of  the  core  aasory  to  see  if  the  responding 
descriptor  is  the  saae  as  any  input  descriptor.  If  no  aatch  is  found  during  this 
process  the  descriptor  is  stored  for  future  use  by  transferring  the  contents  of 
the  serial  nuaber  register  to  a  special  position  in  the  aagnetic  core  aeaory. 

Then  a  control  flip-flop  is  set  to  indicate  that  a  descriptor  with  an  asterisk 
has  been  found. 

After  the  search  based  on  the  aanually  inserted  descriptors  and  a  see  also 
special  search  (if  any)  have  been  coapleted,  a  test  is  ande  to  see  if  the 
asterisk  control  flip-flop  has  been  set.  If  so,  the  search  accuaulator  is 
cleared  and  a  sequence  is  initiate<t  to  generate  the  new  search  question.  To  do 
this  the  portion  of  the  aagnetic  core  aeaory  that  contains  the  stored  serial 
nuaber  of  the  astorisk  descriptor  previously  fotud  is  exnsaned.  The  serial 
nuaber  is  transferred  froa  the  core  aeaory  to  the  serial  nuaber  register  md  the 
search  code  corresponding  to  this  serial  nuaber  is  generated  and  transferred  to 
the  search  code  accuaulator.  Then  the  serial  nuaber  of  the  first  descriptor 
that  was  aanually  inserted  is  transferred  froa  the  core  aeaory  to  the  serial 
nuaber  regieter  and  its  search  code  is  geasrsted  and  transferred  to  the  search 
code  accuaulator.  Likewise  the  serisl  nuaber  of  the  second  usauslly  inserted 
descriptor  is  hsadled.  Vhea  the  genersticn  of  the  new  search  question  is  ccapletsd 


a  signal  corresponding  to  the  carriage  return  of  the  operator  is  developed  and 
a  search  sequence  with  the  new  search  question  is  begun. 

As  in  the  case  of  the  see  also  special  search,  a  special  heading  is  printed 
out  to  indicate  the  beginning  of  the  asterisk  special  search.  For  each  serial 
nuiid>er  that  is  transferred  frosi  the  core  aeaory  to  the  serial  nuaber  register 
the  alphabetic  code  is  generated  by  the  MIRF  interrogation  sequence  and  the 
alphabetic  letters  are  typed  out.  All  English  word  descriptors  of  the  new  search 
questicm  appear  on  one  line.  The  internally  generated  signal  that  starts  the 
asterisk  search  also  coaaands  the  typewriter  to  carriage  return. 
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REDUCTION  OF  RAW  DOCUMENT  INDEX  DATA  TO  THE  FORM  USED  IN  THE  WIRING  JIG 

A.  Introduction 

The  docuBtents  whose  indexes  are  stored  in  the  docunent  data  indexing  set 
were  selected  by  Rone  Air  Developnent  Center  personnel.  The  docunent  infonaation 
was  furnished  to  Stanford  Research  Institute  in  the  fom  of  clippings  fron 
ASTIA  Technical  Aspect  Bulletins  Mounted  on  S  x  8  inch  index  cards.  Each 
card  was  narked  with  a  four  digit  personal  number  which  was  used  as  the  accessicm 
number  in  place  of  the  longer  AD  number.  In  the  descriptor  portiop  of  the  ASTIA 
abstract,  the  words  that  were  to  be  used  in  the  docunent  index  were  underscored. 
Single  and  multiple  word  descriptors  were  used  with  the  total  number  of  words 
limited  to  8  and  the  number  of  letters  per  word  limited  to  10.  In  checking  the 
approximately  1100  cards  furnished  by  RADC,  errors,  such  as  too  many  letters  in 
a  word  or  missing  or  unmarked  descriptors,  were  found  in  about  lO  percent  of 
the  cards.  After  these  errors  were  corrected,  the  accession  number  and  descriptor 
data  were  reproduced  in  punched-card  form.  Computer  programs  were  then  written 
to  translate  the  alphanumeric  information  into  the  detailed  binary  information 
required  for  wiring  the  actual  item  trays.  The  output  of  the  computer  processing 

was  a  set  of  punched  cards  that  were  used  in  a  punched  card  reader  that  formed 

a 

the  input  to  special  wiring  oquipn<*nt. 

B.  Procedure  for  Translating  Document  Data  into  Machine  Readable  Form 

ntis  section  dcicribes  the  procedures  used  to  translate  the  ASTIA  document 
information  to  punched  cards  which  were  suitable  for  marhinc  rt'ading. 

Before  the  data  could  be  transcribi*d.  a  simple  form  was  designed  for  use 
by  the  key-punch  operators  (see  Fig.  III-l).  Iliis  was  necessary  because  it 
could  not  be  expected  that  the  key-punrh  -^H.rators  could  produce  error-free 
punched  cards  if  they  were  required  to  read  dirertly  from  the  marked  ASTIA  data. 


•  See  Appendix  IV. 


III-l 


Figure  111*1.  Fonwt  for  Coding  MZRF  Donwwnt  Xnforantlon 
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DOCUMENT -OESC«<FT»ON  COOING  FONM 


The  use  of  this  form  required  that  someone  manually  transcribe  the  marked  ASTIA 
data  onto  the  farm.  This  step  in  the  process  was  the  weakest  link  from  the  point 
of  view  of  introducing  errors,  and  thus  checking  procedures  were  used. 

Since  there  is  a  maximum  of  eight  words  of  ten  letters  each  plus  a  four-digit 
serial  number  associated  with  each  document,  two  punched  cards  per  document  are 
required.  (A  standard  punched  card  has  capacity  for  80  characters.)  Each  of 
the  two  cards  contained  the  document  serial  nu'^ber  and  a  subnumber  ('*!"  or  “2'’l 
identifying  the  first  and  second  card.  The  first  card  contained  the  first  four 
words  of  the  descriptors  and  the  second  card  contained  the  last  four.  Both  cards 
were  used  regardless  of  the  number  of  words — l.e.,  the  second  card  may  contain 
only  the  document  number  and  the  subnumber  ’*2.” 

The  procedure  required  that  the  following  data  be  transcribed  onto  the  form; 

(1)  Dotument  serial  number,  once  for  the  first  card  and  once  for 
the  second  card  (the  subnumber  was  entered  on  the  master  of  the 
form) 

(2)  Up  to  eight  words  forming  the  docMiment  descriptors 

<3)  ‘Links"-  a  sywb'.'A  used  between  adjacent  words  to  indicate  thev 
are  part  ot  a  multipl'  word  descriptor 

(<l)  AsiertjiKs  indic.it!og  ah  important  descriptor. 

Thi'-  data  wd>  tr4nsrrib«*<t  by  band  and  not  pr<-M»f -read.  The  forms  were  then 

to  k*y  punch  operators  who  prepared  punched  c^rd^*.  A  listing  (printing 
the  *«Jht-»>ts  .if  the  oards  on  an  !GM  407  tabulating  auichlne)  of  the  dt-rk  was  thm 
iibtath'-cJ  t''  u'-ed  for  proof-reading. 

The  listing  then  vory  carefully  compared  againr^t  the  original  .\STIA 

du.».  (Th*  firms  !i>*d  for  key  ptanching  »er»-  no  longer  used.)  Approximately  6 
percent  of  the  *'ntr»«v  u«  the  listing  bad  some  *ort  of  error.  The  majority  of 
■  riois  •ere  of  *  "link"  symb*»l  or  th*-  a^'iensk.  In  addition,  some  words 

•  <  r*  wi '  sp<l  L-l .  Th'-re  were  only  a  lew  key-punching  errors.  The  correction  of 
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those  errors  was  marked  directly  on  the  listing,  and  then  the  listing  and  deck  of 
punched  cards  were  returned  to  the  key  punchers  for  correction. 

After  the  punched  cards  were  corrected,  a  new  listing  was  made  and  this  new 
listing  was  again  compared  against  the  original  ASTIA  data.  Approximately 
one-half  percent  of  the  documents  still  had  errors  of  some  sort.  These  errors 
were  corrected  and  proof-read  and  the  deck  of  punched  cards  was  then  assumed  to 
be  error-free.  This  completed  the  punched  cards  to  be  used  as  input  data  by  the 
computer  to  prepare  wiring-aid  data  to  wire  the  document  MIRF. 

The  next  step  in  the  processing  was  directed  toward  obtaining  a  deck  of 
punched  cards  to  be  used  as  input  data  by  the  computer  to  prepare  wiring  aid  data 
to  wire  the  dictionary  MIRF.  The  major  portion  of  this  processing  was  done  on 
punched  card  machines . 

The  document  punched  cards  prepared  above  were  read  and  a  new  card  was  punched 
for  every  descriptor  word  on  the  document  card.  The  new  card  contained  only  the 
alphabetic  word.  This  xiew  deck  of  cards  was  then  sorted  and  listed.  This  listing 
was  scanned  for  mis. lied  words  (five  were  found)  and  was  also  used  to  give  an 
indication  of  the  frequency  of  use  of  word.  The  deck  was  then  processed  to  remove  all 
duplicate  cards.  The  remaining  deck  containing  one  card  per  word  was  retained  for 
further  processing. 

It  was  desired  to  take  this  last  deck  of  cards  and  assign  a  serial  number  to 
each  card  (and  thus  to  each  word) .  The  serial  number  was  to  be  a  12-bit  binary 
number  and  there  was  to  be  a  random  assignment  of  the  serial  number  to  the  word. 

To  accomplish  this,  a  short  computer  program  was  written  in  the  ALGOL  langugage 
for  preparing  a  deck  of  punched  caids  with  a  12-bit  binary  number  in  octal  form 
together  with  a  pseudo-random  5-digit  decimal  number.  This  punched  card  deck  was 
then  sorted  on  the  pseudo-random  number. 

The  punched  card  deck  containing  the  descriptor  woras  was  then  s jrted  into 

th 

alphabetical  order  and  the  n  card  of  this  deck  received  the  serial  number  of 
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the  card  of  the  numbered  deck.  This  collated  deck  was  then  listed. 

The  above  listing  was  used  to  add  the  see-also  reference  number  which 
was  then  added  to  the  punched  cards  by  the  key  p’mch  operators.  Data  for 
synonyms  was  then  obtained  and  entered  into  a  form  for  key  punching  cards.  This 
latter  deck  was  then  listed  and  the  listing  proof-read.  (Note:  A  synonym  was 
distinguished  by  the  letter  S  punched  into  the  75th  column  of  the  card.)  This 
completed  the  processing  of  the  deck  of  punched  cards  to  be  used  for  input  data 
for  the  computer  program  for  the  generation  of  the  dictionary  vvxring  aid. 

C.  Programs  for  Production  of  Detailed  Wiring  Information 
(1)  General 

This  section  presents  information  regarding  the  functions  of  the 
various  programs,  and  the  format  of  their  associated  punched  cards. 

The  programs  were  run  on  the  CDC-160A  computer  but  were  written 
to  allow  running  on  the  CDC-160  computer.  Hie  data  input  and  output  medium 
is  punched  cards;  however,  the  fonnat  of  the  input  data  is  significantly  different 
from  the  output  data.  The  input  data  is  in  standard  Hollerith  code,  but  the 
output  data  is  in  a  code  of  our  own  choosing  since  the  computer  can  punch  row¬ 
binary  ,  i.e.,  any  of  the  960  possible  positions  on  the  card  may  be  punched. 
Magnetic  tape  is  required  as  temporary  storage  of  the  dictionary  words  and  their 
associated  serial  numbers. 

There  are  three  relatively  Independent  programs  which,  when  taken 
toe  ther,  will  generate  punched  cards  that  will  be  used  to  aid  in  the  wiring  of 
the  core  stacks.  The  function  of  each  of  these  programs  is  briefly  stated  as 
follows : 

a  The  dictonary  words,  their  associated  serial  numbers,  and  their 
see-also  reference  serial  numbers  form  the  input  data  for  the 
first  program  which  places  this  data  on  magnetic  tape.  Hie  major 
portion  of  the  program  is  devoted  to  extensive  checking  of  the 
input  data  and  also  the  data  after  it  has  been  written  on  the 


■agnetlc  tape.  Any  deviation  froa  perfect  (i.e.,  an  error) 
results  in  a  stopping  of  the  prograa  necessitating  a  restart 
after  the  error  has  been  corrected, 
b.  The  second  prograa  reads  the  data  on  the  asgnetlc  tape  generated 
in  a  above,  translates  it,  and  punches  the  cards  used  to  aid  in 
wiring  the  dictionary  MIRF,  one  card  per  dictionary  word, 
c  The  thiI^l  prograa  uses  the  data  on  the  docuaent  cards  (input  data) 
and  the  aagnetic  tape  froa  a  above  to  generate  the  cards  used  to 
aid  in  wiring  the  docuaent  MIRF,  oae  card  per  docuaent. 

Soaewhat  aore  detail  of  the  functions  perforaed  by  these  programs  is 
given  below. 

(2)  Input  Data  Foraats 

The  input  data  punched  cards  are  in  two  sets:  (1)  the  dictionary  input 
data,  and  (2)  the  docuaent  input  data.  The  foraat  of  the  dictionary  input  cards 
is  shown  in  Thble  III-A  and  any  columns  of  the  card  not  explicitly  listed  are 
blank.  The  docuaent  input  data  requires  two  cards  per  docuaent  with  the  format  given  in 
Table  IIZ-B.  Any  columns  of  the  card  not  explicitly  listed  are  blank. 

The  ujority  of  the  dictionary  cards  were  obtained  by  machine  processing 
of  the  docuaent  cards. 

(3)  Prograa  Functions* 

a  Tape  writing  prograa 

1.  The  contents  of  <Mie  dictionary  word  card  are  read,  the  foraat 
of  which  is  specified  by  Table  III-A. 

2.  The  input  data  is  scanned  and  checked  to  see  that  the  foraat 
of  the  data  is  correct  and  that  only  allowable  characters  are 
used,  e.g.,  no  nuaeric  inforaatlon  in  the  field  reserved  for 
the  dictionary  word.  Any  error  found  onuses  teralnation  of 
the  program. 

•  Tte  pgMgriMg  ptrfeni  tbMn  fonetloan  but  aot  anoMsnrily  In  the  order  (Iven. 
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TABLE  Ill -A 


FORMAT  FOR  DICTIONARY  DATA  PUNCHED  CARDS 


Columns 

Data 

3-12 

Word  (alphabetic  characters,  hyphen,  or  blank) 

19  -  22 

Serial  number  of  word,  octal  notation  for  12  bit 
binary  number 

25  “  28 

Serial  number  of  See-also  reference,  octal  notation 
for  12  bit  binary  number 

75 

"S”  if  the  word  is  a  synonym,  blank  otherwise 

77-80 

Card  sequence  number  (not  used  in  computer) 

TABLE  III-B 

FORMAT  FOR  DOCUMENT  DATA  PUNCHED  CARDS 

Columns 

Data 

3-6 

Accession  number:  4  decimal  digits 

8 

Card  number :  1  (2) ^ 

11  -  20 

2 

Word  number  1  (5) 

21 

3 

Asterisk  for  word  number  1  (5) 

22 

:  Link  for  words  1  (5)  and  2  (6)"^ 

25  -  34 

!  Word  number  2  (6) 

1 

35 

i 

j  Asterisk  for  word  number  2  (6) 

36 

Link  for  words  2  (6)  and  3  (7) 

1 

39  -  4r, 

V/ord  number  3  (7) 

49 

Asterisk  for  word  number  3  (7) 

50 

Link  for  words  number  3  (7)  and  4  (8) 

53  -  62 

Word  number  4  (8) 

63 

Asterisk  for  words  number  4  (8) 

64 

5 

Link  for  words  4  and  5 

Notes : 


Vrf  T,  arc*  two  cards  per  document,  the  numbers  In  parenthesis  refer 
lo  ,nc!  second  card  of  the  pair. 

2.  Alphabetic  character,  hyphen,  or  blank,  only. 

2.  Asterisk  or  blank  only. 

4.  Blank  or  1  only 

3.  Column  64  on  the  second  card  of  the  pair  always  has  a  blank. 
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Note;  This  checking  is  extensive  and  comprises  a  major 

portion  of  the  program,  however,  this  is  justified 
since  errors  that  are  allowed  to  pass  uncorrected 
will  propagate  through  the  system. 

3  The  data  is  written  onto  magnetic  tape  and  an  automatic  check 
is  made  by  the  computer.  If  a  error  results  during  the  check 
a  program  interrupt  occurs.  For  purposes  of  this  program,  it 
is  assumed  that  such  an  error  cannot  be  corrected  and  the  program 
terminates . 

Note:  It  can  be  seen  from  2  and  3  that  any  flaw  whatsoever 
during  the  execution  of  the  program  causes  its 
termination.  This  has  been  done  to  insure  perfection 
in  the  resulting  magnetic  tape, 
b  Dictionary  MIRF  program 

1  The  magnetic  tape  generated  in  a  above  is  read,  one  dictionary 
word  (and  its  associated  dnta)  at  a  time. 

2  This  data  is  translated  both  in  format  and  code  as  specified 
in  Tables  III-C,  III-E,  III-G,  and  III-H. 

3  A  dictionary  wiring  card  is  punched  in  the  format  specified 
by  Table  :iI-C. 

c  Docuii;ent  MIRF  program 

1  A  pair  of  document  data  punched  cards  is  read  and  checked 
for  correct  format,  i.e,  data  associated  with  one  document. 

2  The  magnetic  tape  generated  in  a  above  is  scanned  for 

the  corresponding  serial  number  (and  see'-also  serial  number) 
for  each  descriptor  word. 

3  Once  the  serial  numbers  for  all  words  of  a  given  document  are 
found,  the  superimposed  code  for  that  document  is  computed. 


Notes) 
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TABLE  III-C 


How 


FORMAT  OF  RECORD  FOR  DICTIONARY  MIRF  WIRING  PUNCHED  CARD 
-ol.  Dattt 


9  1  Presence  of  See -also  reference,  one  corei 

S'  2-25  Word  serial  number,  12  bits,  two  cores  per  bit. 

See  Tables  VII  and  VIII  for  the  bit  code. 

9  26-27  Single  odd  parity  bit  for  the  word  serial  nixnber,  two  cores. 

See  Tables  VII  and  VIII  for  the  bit  code. 

9  28-39  See-also  reference  serial  number:  12  bits,  one  core  per  blt.^ 

9  'K)  Single  odd  parity  bit  for  the  see-also  reference  serial 

number,  one  core. 

9  '♦I  to  (Dictionary  word,  10  characters,  5  bits  per  character,  2 

8  6(  (cores  per  bit.  See  Table  V  for  the  character  code.^ 


Notes ; 

1.  Punch  (a  binary  1)  Indicates  absence  of  see-also  reference. 

2.  If  there  Is  no  see-also  reference,  the  see-also  reference  aerial 
number  Is  to  be  all  binary  ones  (including  the  parity  bit.) 

3.  If  there  are  less  than  10  characters,  say  n,  then  character  n  1 
must  be  a  "blank"  code  (see  Table  V) .  Characters  n  +  2,  ...,  10 
should  have  the  "special"  co<ie  of  Table  V. 
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TABLE  III-E 


ALPHABETIC  CODE  FOR  DESCRIPTOR 


Punching  Code 


Character 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

A 

1 

0 

0 

1 

0 

1 

0 

1 

0 

1 

B 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

C 

1 

0 

0 

1 

1 

0 

0 

1 

0 

1 

D 

i. 

0 

0 

0 

I 

1 

0 

1 

0 

E 

1 

0 

0 

1 

0 

1 

1 

0 

0 

1 

F 

1  1 

▲ 

0 

0 

•» 

X 

1 

c 

1 

0 

1 

0 

G 

1 

0 

0 

1 

1 

G 

1 

0 

0 

1 

H 

1 

0 

1 

0 

0 

1 

1 

0 

0 

1 

I 

1 

0 

1 

0 

0 

1 

1 

0 

1 

0 

J 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

K 

0 

1 

0 

1 

1 

0 

0 

1 

1 

0 

L 

1 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

1 

M 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

N  1 

0 

1 

0 

1 

0 

1 

1 

0 

0 

1 

1 

0 

0 

I 

0 

1 

1 

0 

1 

0 

1 

0 

P  ; 

0 

1 

0 

1 

1 

0 

1 

0 

0 

1 

Q  * 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

R 

0 

1 

1 

0 

0 

1 

1 

0 

1 

0 

s 

0 

1 

1 

0 

1 

0 

0 

1 

1 

0 

^  1 

0 

1 

1 

0 

1 

0 

0 

1 

0 

1 

U 

0 

1 

1 

0 

0 

1 

0 

1 

1 

0 

V  j 

1  0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

i 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

X  ! 

i 

0 

1 

1 

0 

1 

0 

1 

0 

0 

1 

1 

V  ; 

1 

I 

0 

1 

0 

0 

I 

0 

1 

0 

1 

'7 

1  1 

1 

0 

1 

0 

0 

1 

0 

1 

1 

0 

BLANK 

1 

0 

1 

0 

1 

0 

I 

0 

1 

0 

-  (HYPHEN) 

0 

I 

0 

1 

0 

I 

0 

1 

1 

0 

SPECIAL 

1 

1 

1 

1 

1 

I 

1 

1 

I 

1 

Note:  The  alphabetic  code  in  a  five  bit,  2  core  per  bit  code. 
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TABI£  III-F 

ACCBSSKW  WHBER  DECIMAL  DIGIT  CODE 

Punehlag  Code 

1  2  3  U  5  6  7  6 
10101010 
10101001 
10100110 
lOlOOlOl 
10011010 
10011001 
10010110 
looioioi 

OlOllOlO 

OlOllOOl 


TAB1£  iii-g 

PRIMARY  WORD  SERIAL  RUCER  BIT  CODE 

Punching  Code 
wt  1  2 


TABLE  III'H 

SYNONYM  WORD  SERIAL  HWBBR  BIT  CODE 
Punching  Code 
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4.  Ilie  fomat  and  code  of  segaents  of  the  input  data,  the 
serial  numbers,  and  the  superimposed  code  are  translated 
as  specified  by  Tables  III-D,  III-F,  and  III-G. 

5.  A  document  wiring  card  is  punched  in  the  format  specified 
by  Table  III-D. 


111-12 


TAB1£  IIl-D 


FCfQWr  OP  RSCCSID  FOR  DQCliSJfr  MIRP  VIROIC  PWCHED  CARD 


Row 

Column 

Data 

9 

1 

asterisk  for  word  number  1^ 

9 

2 

linking  bit  for  words  1  and  2 

9 

3-lli 

serial  number  of  word  number  1  (SH-1) 

9 

15 

odd  parity  bit  for  SN-1 

9 

16 

asterisk  for  word  number  2^ 

9 

17 

liiJdng  bit  for  words  2  and  3 

9 

13-29 

SN-2 

9 

30 

odd  parity  bit  for  3i'5-2 

9 

31 

asterisk  for  wore  number  3 

9 

32 

linking  bit  for  words  3  and  1* 

9 

33-Ui 

SN-3 

9 

16 

odd  parity  for  SN-3 

9 

1*6 

asterisk  for  word  number  1* 

9 

li7 

linking  bit  for  words  1*  and  5 

9 

1*3-59 

SN-i* 

9 

60 

odd  parity  for  SN-li 

9 

61 

asterisk  for  word  number  5 

9 

62 

linldng  bit  for  words  5  and  6 

9 

63-7U 

SN-5 

9 

75 

odd  parity  for  SN-5 

9 

76 

asterisk  for  word  number  6 

9 

77 

linking  for  words  6  snd  7 

9 

8 

SN-6 

NotMi  1.  A  r^nch  (a  binary  1)  in<ticatMi  no  astaorlak 
2*  A  punch  iiMiieatas  r>o  link 

3.  If  there  are  lesa  than  eight  dicUoaery  vorde^then  after  the  last  word 
do  not  punch  t^  next  astcriek  end  link  end  then  punch  (rrery  bole  to 
(and  including)  rov  6  oolunn  U). 
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TABLE  lil-D  (C<S<T'D.) 


Row  Column  Data 


8  10 

8  11 

8  12 

8  13-2ii 

8  25 

8  26 

8  27 

8  28-39 

8  kO 

8  la-72 

8  73-7U 

7  1  to 

7  80 


odd  parity  for  SN-6 
asterisk  for  word  number  7 
linking  bit  for  words  7  and  8 
SN-7 

odd  parity  for  SN-7 
asterisk  for  word  number  8 
unused  linking  bit, 

SN-8 

odd  parity  for  SN-8 

accession  number,  ii  decimal  digits,  U  bits  per  digit, 
2  cores  per  bit*  See  Table  VI  for  code. 

odd  parity  bit  for  accession  number, 2  cores. 

search  field.  80  bits,  one  core  per  bit 


Note:  Columns  75  to  80  in  row  8  are  not  used. 
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PREPARATION  OK  TIfE  flREO  ITEM  TRATS 

A.  lilt  r<jd.  ct  lun 

The  1,000  document  indexes  and  th«  1,000  dictionary  words  of  the  delivered 
experimental  model  require  storage  of  more  than  one-third  of  a  million  bits  of 
inlurmatlon.  The  document  index  and  dictionary  word  information  is  stored  in 
permanent  patterns  of  wiring  associated  with  arrays  of  magnetic  cores.  Tlte  actual 
wiring  patterns  are  implemented  in  modular  form,  as  can  be  seen  by  reference  to 
Fig,  29.  This  photograph  shews  sn  item  tray  that  contains  the  detailed  wiring  for 
2R6  words  of  the  dictionary.  In  order  to  insure  the  greatest  possible  accuracy 
of  the  wired  in  information,  two  steps  were  taken.  First,  the  raw  data  for  the 
documents  were  computer-processed  to  give  a  set  of  punched  cards  that  contain  the 
detailed  wiring  information  (see  Appendix  1X1).  Second,  a  wiring  scheme  was  devised 
which  presented  the  detailed  wiring  information  in  a  very  simple  form  and  which 
included  a  means  of  checking  the  accuracy  of  the  wiring  as  the  wiring  was  actually 
done.  In  this  scheme,  the  path  that  a  wire  was  to  take  was  delineated  by  a  set 
of  lights  in  an  array  of  incandescent  lanq>s. 

D.  Description  of  Wiring  Aid 

An  over-all  view  of  the  item  tray  wiring  equipment  (wiring  aid)  is  shown  in 
riC.  'V  !.  The  eept)  wiring  tra>  i*  i*A«wwd  on  the  riring  Jig  in  iruut  oi  the 
operator.  Number  36  Nylese  wire  is  taken  from  a  sp<»ol  through  a  tensioning  device 
to  the  top  of  a  special  wiring  tool  (shown  in  the  hand  of  the  operator).  The  wire 
from  the  bottom  of  the  wiring  tool  is  first  soldered  to  the  common  bus  shown  in 
the  upper  left  part  of  the  wiring  tray.  The  tool  is  then  mover!  along  the  path 
specified  by  the  pattern  of  lights,  leaving  the  wire  wound  in  the  desired  pattern 
around  the  item  tray  bobbins.  At  the  left  center  of  the  photograph,  the  punc!  td 
card  reader  can  be  seen.  This  Taurus  Corporation  crird  reader  tests  si  posit-  ms 
on  one  input  card  at  a  tine  (140  positions  for  a  dictionary  card  and  £  4  posit  ons 
tor  a  document  index  card).  A  closed  contact  result  i  for  every  hole  1  the  pc  ched 
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card  and  open  contact  results  for  the  absence  of  a  hole.  Each  closed  contact  of 


the  card  reader  furnishes  a  unit  of  urrent  to  the  corresponding  laap  in  the 
wiring  aid.  Auxiliary  circuits  that  are  used  in  connection  with  the  incandescent 
lamps  are  contained  in  the  chassis  that  is  shown  behind  the  card  reader. 

Figure  IV-2  shows  a  close-up  of  a  partially  wired  dictionary  item  tray  mounted 
on  the  wiring  Jig.  The  wiring  Jig  consists  essentially  of  a  heavy  aluminum  plate 
with  an  array  of  square  pegs  that  match  the  set  of  bobbins  on  the  item  tray.  The 
outside  dimensions  of  the  square  steel  pegs  ere  slightly  smaller  than  the  Inside 
dimensions  of  the  bobbins,  thus  permitting  the  Item  tray  to  be  mounted  over  the 
wiring  Jig.  Pairs  of  the  wiring  Jig  pegs  are  associated  with  single  magnetic 
cores.  The  top  two  rows  of  pegs  are  associated  with  one  set  of  cores,  the  next 
two  rows  with  a  different  set  of  cores,  etc.  It  will  be  noted  that  the  center  of 
each  square  peg  Is  hollow  and  contains  a  component.  The  upper  peg  of  each  pair 
contains  a  miniature  toggle  switch  with  the  bat  handle  operating  In  the  vertical 
dimenalon.  The  lower  peg  og  the  pair  contains  a  small  Incandescent  light  bulb. 
Depending  upon  the  setting  of  the  toggle  switch  and  the  condition  of  the  corres¬ 
ponding  switch  In  the  card  reader,  a  light  bulb  will  receive  zero,  one,  or  two 
units  of  current.  Consequently,  a  light  bulb  may  be  off,  on  at  medium  (brilliance 
yellow),  or  full  brilliance  (white). 

The  procedure  for  using  the  wiring  equipment  wss  as  follows.  First,  all  the 
I  ‘‘USiu  switches  were  put  Into  their  Initial  position  (down).  Then  the  card 
reader  was  closed  with  no  card  Inserted  so  that  all  switches  would  be  closed. 

The  array  of  lights  In  the  wiring  Jig  wss  then  checked  to  make  sure  that  every  one 
was  on  St  medium  brilliance.  This  check  made  suro  that  all  switches  of  the  card 
reader  were  operating  properly  and  that  no  light  bulb  had  burned  out.  The  punched 
card  of  the  Item  to  be  wired  was  then  inserted  Into  tho  card  reader.  A  pattern 
of  lights  In  the  wiring  Jig  consisting  of  some  lights  on  at  medium  brilliance  and 
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Figure  IV-2.  Close-up  of  risrtially  Uired  Iten  Trey  anA  Virii«  JI4 


some  off  was  then  obtained.  The  wire  that  was  to  be  strung  along  the  path 
outlined  by  the  light?  was  first  soldered  to  a  terminal  of  the  comsKm  bus.  The 
wireman  then  started  the  special  wiring  tool  at  the  upper  left  comer  of  the 
wiring  Jig  and  followed  specific  rules  at  each  bobbin  position.  If  the  light  was 
on,  the  rool  was  moved  pa“t  the  top  of  Ihc  peg  that  held  the  toggle  switch.  If 
the  light  was  off,  the  tool  was  moved  through  the  center  of  the  pair  of  pegs  and 
their  associated  bobbins.  It  was  easy  to  move  the  wiring  tool  in  such  a  path 
because  the  flanges  of  the  paper  bobbins  formed  a  smooth  surface  on  which  the 
flange  of  the  wiring  tool  could  ride.  Whenever  the  wiring  tool  passed  through 
the  center  of  a  pair,  the  cam-shaped  surface  of  the  wiring  tool  flange  caused  the 
toggle  switch  to  be  thrown  into  the  upper  position.  This  caused  the  lamp  to  come 
on  at  medium  brilliance.  At  the  end  of  a  perfect  wiring  operation,  all  lamps 
were  on  at  the  medium  brilliance.  Any  error  was  easily  detected.  If  a  position 
had  bpAn  threaded  by  mistake,  the  toggle  switch  would  have  been  operated  and  an 
extr.>  unit  of  current  would  make  the  lang)  come  on  at  white  brilliance.  If  a 
position  that  should  have  been  threaded  was  missed,  the  check  toggle  switch  stayed 
in  its  Initial  condition  and  the  lamp  remained  off.  Both  the  lamp  off  and  lamp 
at  white  brilliance  could  be  easily  distinguished  from  ’'he  medium  brilliance  of 
the  lamp. 

After  ail  bobbin  positions  of  a  given  row  bad  been  used,  the  wiring  tool 
was  passed  around  a  pair  of  terminal  posts  and  started  through  a  row  of  bobbins 
in  the  reverse  direction.  Half  of  the  items  were  wound  on  bobbins  that  corres¬ 
ponded  to  one  leg  of  the  array  of  cores,  and  the  other  half  was  wound  on  bobbins 
that  corresponded  to  the  othoi  leg  of  the  magnetic  core.  It  can  be  seen  In  the 
photograph  that  all  the  wires  that  begin  at  the  upper  terminal  board  are  wound 
around  the  row  of  bobbins  nearest  the  top  of  the  Item  tray.  At  the  rlgbthand  erd 
of  this  row,  the  wires  pass  over  Insulated  posts  and  return  right  to  left  on 
the  fourth  row  from  the  top.  At  the  loft  end  of  the  fourth  row,  the  wires  pass 
over  two  closely  spaced  insulated  posts  and  go  left  to  right  on  the  fifth  row  of 
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of  bobbins.  The  group  of  iten  wires  that  begin  on  the  lefthand  terminal  board 
are  wound  on  the  bobbins  in  the  second  row  from  the  top  and  return  on  the  bobbins 
of  the  third  row,  etc.  After  a  wire  was  wound  on  a  complete  set  of  bobbins,  it 
was  carried  past  bobbins  used  as  binding  posts  to  a  sub-assembly  of  diodes.  Here 
the  wire  was  cut  to  length  and  soldered  to  one  end  of  a  diode. 

C.  Results  of  Using  Wiring  Aid 

This  wiring  arrangement  worked  well  in  practice.  The  number  of  item  wires 
that  could  be  inserted  per  hour  varied  with  the  individual  wireman,  ranging  from 
less  than  40  to  more  than  60  for  the  document  item  tray  which  required  wiring 
of  234  bobbins.  The  accuracy  of  the  wiring  was  probably  as  good  as  can  be  expected 
when  a  human  operator  is  involved.  In  the  dictionary  item  trays,  errors  were 
made  in  less  than  20  out  of  1070  item  wires.  Most  errors  were  single  position 
errors,  but  a  few  were  double  position  errors.  If  25  total  errors  is  taken  as  a 
round  number,  the  error  rate  is  one  in  6,000  operations  (there  are  150,000 
operations  in  wiring  the  dictionary  trays).  The  accuracy  of  wiring  the  document 
item  trays  was  somewhat  better.  One  source  of  error  was  the  operator's  tendency 
to  cheat  on  the  check  feature  of  the  wiring  equipment  in  order  to  speed-up  the 
wiring  process,  by  using  her  finger  instead  of  the  wiring  tool  to  operate  the 


check  toggle  switch. 
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ALTEJLNATE  METHODS  OF  FREPARINC  WIRED- IN  INFORMATION 

The  use  of  small  wire  wound  on  specially  prepared  bobbin  trays  is  a  satisfactory 
means  of  constructing  ‘.he  permanent  store  when  the  number  of  items  is  relatively 
small.  However,  it  is  recognized  that  this  method  would  not  be  suitable  if  the 
number  of  items  exceeded  5  or  10  thousand.  During  the  development  of  the  experi¬ 
mental  Multiple  Instantaneous  Response  File  a  small  effort  was  directed  toward 
investigating  alternate  methods  of  preparing  the  wired-in  information.  The  object 
of  this  work  was  to  select  a  method  that  could  be  used  to  prepare  approximately 
100  document  index  items  and  to  make  a  comparison  with  the  physical  wire  imple¬ 
mentation. 

Because  of  the  very  limited  funds  available  for  this  effort,  sevet 3  restric¬ 
tions  were  placed  on  the  fabrication  techniques  that  could  be  investigated.  The 
fundamental  incompatibility  of  the  aims  and  the  means  was  that  fabrication  tech¬ 
niques  that  can  be  used  in  quantity  production  require  large  initial  outlay  of 
money  that  was  not  available.  Because  of  this  limitation  one  of  the  most  attractive 

methods  of  preparing  the  wired-ln  information  could  not  be  investigated.  This 

* 

method  involves  the  controlled  punching  of  holes  in  a  continuous  conductor 
ladder'  layod  down  on  a  thin  insulating  sheet  to  form  a  path  that  threada  and 
bypasses  core  positions  In  the  desired  way  (the  initial  cost  of  dies  required  for 
si'h  a  study  would  hive  cost  more  than  13  of  the  total  funds  .illotted  to  this 
work) . 

The  approach  that  oflered  the  most  promise  of  resilts  within  the  ground  rules 
of  the  investigation  could  be  desirtbed  as  a  printed  circuit  technique.  A  roll 
of  Clipper  coated  mviar  sheet  (1/2  ounce  Copper  on  2  mil  mylar),  obtained  from  the 

i  ~ 

■See  RADC-TR-61 -233 ,  Multiple  Instantaneous  Response  File,  by  J.  Goldberg  et  al , 
pp.  171-178 
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S<  n  i* idahl  Corporation,  aas  cut  up  Into  pieces  approximately  the  same  size  as  the 
phenolic  boards  of  the  Item  trays.  About  150  such  sheets  were  plied  up  In  a 
thick  sandwich  and  held  together  under  pressure  by  two  heavy  aluminum  plates. 

The  same  drilling  Jig  that  was  used  In  preparing  the  phenolic  boards  foi  the  item 
trays  was  used,  to  drill  a  complete  set  of  clearance  holes  In  the  stack  of  mylar 
sheets.  This  method  was  quite  successful,  giving  blank  sheets  with  a  set  of  very 
clean  clearance  holes.  Aligning  holes  for  positioning  the  mylar  sheets  In  a 
submodule  comparable  to  an  Item  tray  were  also  drilled  while  the  mylar  sheet 
sandwich  was  still  assembled. 

The  detailed  wiring  Information  was  put  on  a  copper  coated  mylar  sheet  by 
drawing  a  line  on  the  copper  with  a  pen  and  special  Ink.  The  wiring  aid  used 
with  the  physical  wires  was  modified  slightly  for  preparing  tne  mjlar  sheet  items. 
After  the  punched  card  of  the  particular  Item  was  placed  in  the  card  reader  and 
the  pattern  of  lights  In  the  wiring  jig  was  set  up,  the  blank  mylar  sheet  was 
placed  on  the  wiring  jig  with  the  copper  side  up.  Then  u  50  mil  wide  line  was 
drawn  using  the  same  Instructions  that  were  used  with  the  wired  item  trays 
(wherever  the  control  light  was  on,  a  horizontal  line  was  drawn  above  the  square 
peg,  and  wherever  a  light  was  off,  a  horizontal  line  was  drawn  in  the  center  of 
the  pair  of  pegs.  Vertical  lines  connecting  the  horizontal  segments  were  then 
added).  The  marked  mylar  aheet  thus  obtained  was  then  passed  through  an  etching 

bath,  and  all  the  copper  except  that  needed  to  define  the  item  conductor  path  was 

a 

resuved.  A  ^'Inlshed  mylar  Item  sheet  la  shown  in  Fig.  V-^l  .  It  will  be  noteri 
in  this  photograph  that  the  wiring  conductor  la  connected  to  a  bus  at  the  top  of 
the  sheet  and  to  another  bus  at  'he  lower  part  of  the  aheet.  These  copper  areas 
are  used  for  connecting  the  item  conductor  to  a  common  bus  at  one  end  and  to  a 
diode  St  ths  other.  It  will  si jo  be  noted  ihst  s  copper  border  has  been  Isft  on 
ths  mylar  sheet.  This  Is  for  strictly  mechanical  purposes  in  order  to  keep  s 
uniform  thickness  of  ths  Item  sheet  all  around  the  edges.  Seventy  fl  e  such 
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In  this  photograph,  tbs  top  edge  appears  wavy  bee  luse  the  mylar  aheet  was  not 
flat  against  tbs  backboard. 


Figure  V-I.  iftclied-Co|iper  Mj^lar  Itae  Sheet 


sheets,  each  containing  all  the  information  of  a  real  document  index,  were 
stacked  and  properly  connected  to  the  common  bus  and  to  output  diodes  to  form  a 
small  mylar  sheet  submodule.  This  module  is  completely  interchangeable  with  the 
wired  trays  and  can  be  used  in  the  document  MIRF  unit. 

The  preparation  of  the  etched  item  sheets  can  be  considered  a  limited  success. 
Seventy  five  of  about  a  hundred  item  sheets  that  were  prepared  in  the  wiring  jig 
could  be  used  in  the  mylar  sheet  submodule.  About  25  percent  of  the  sheets  con¬ 
tained  discontinuities  in  the  conductor,  ranging  from  width  of  a  few  mils  to  as 
much  as  about  30  mils.  One  difficulty  appears  to  be  the  lack  of  control  in  the 
etching  process.  With  copper  as  thin  as  0.7  mil,  overetching  is  a  problem.  Also, 
cleaning  of  the  copper  surface  before  the  lines  are  inked  requires  special 
attention.  Commercial  degreasing  techniques  were  tried  unsuccessfully  and  the 
sheets  finally  used  were  cleaned  by  a  weak  pre-etch  treatment.  Handling  of  the 
cleaned  sheets  was  also  done  with  care.  The  operator  worked  with  gloves  and 
covered  the  copper  surface  with  pounce.  In  spite  of  these  precautions  there  is 
some  evidence  of  the  ink  flaking  away  after  it  had  dried.  These  difficulties  are 
probably  more  a  part  of  the  experimertal  approach  than  of  the  basic  techniques. 

It  is  believed  that  proper  controls  could  be  held  in  quantity  production  and 
that  a  good  yield  of  item  sheets  could  be  expected. 

The  Item  sheets  that  were  prepared  for  the  experimental  model  contained  one 
item  per  sheet.  This  was  done  to  simplify  the  preparation  of  these  sheets.  In 
practice,  at  least  two  item  conductors  could  be  placed  on  one  mylar  sheet,  one 
being  associated  with  one  leg  of  the  magnetic  core  .’^nd  the  other  being  associated 
with  the  other  leg.  By  using  a  mylar  sheet  with  copper  on  both  sides  of  the  mylar 
it  would  seem  feasible  to  have  as  many  as  four  items  per  mylar  sheet.  In  this 
case  an  insulator  would  have  to  be  placed  between  adjacent  item  sheets. 


